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PREFACE TO THE REVISED EDITION 

The piesent edition is thoroughly revised and brought 
up>to*date, the diagrams of the botany part have been 
changed and some of the blocks of the zoology portion. 
have also been changed. 

The author humbly thanks Prof. Dr. J. C. Sengupta, 
Dr. G. P. Mazumdar, Dr. Kundu, Mr. K. G. Banerjee, 
Mr. H. Chakrabarty of Presidency College foravarious 
help. Thanks are also due to Prof. Dr. S. Sengupta, Dr. J 
Mukerjee,*Mr. Das, Mr. P. Choudhury of Ripon College 
and to Prof. R. Sarker, Prof. Chatterjee of Ashuto^h 
College. 

I am also thankful to Mr. Sauren Banerjee for 
'Various help for improvement of this book. Sincere thanks 
are also due to Prof. Dr. T. N. Podder and Mr. Dhiren 
Chakraborty of Carmichael Medical College. 

This book was so universally read by the Intermediate 
students for the last 8 years and with so very satisfactory 
results that the author feels encouraged to bring out a 
second edition, and hopes that it will prove equally useful 
to the novice and serve as an incentive to further study 
<pf the subject. 


March, 


T. C. Nanm. 
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Rector G. C. Bose of Bangabasi College as a token 
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••PREFACE TO THE EDITION 


Some apoktgy for the aiipesiance a Book of 
Biology seems necessary; for in face of the multitude 
of its predecessors, Uie present volume can scarcely put 
^fo^rajd the claim of supplying a '‘long-felt want.'' 

The syllabus of the Calcutta University for inter* 
mediate course has been more than followed in order to 
make the student fit for a higher course of biology. 


I make no shadow of a claim to having accon^lish^ 
the task of producing an ideal text-hook. Defects w^ 
be found but as it is the first vmturc where the subjeiA 
has been dealt with at least on this part of our country 
the author expects constructive criticism which will hw 
gladly incorporated in the next edition. 


If there is any merit in the botany portion that must 
be due to my teachers like Professors S. C. Banerjee, 
Late Dr..P. Bruhl, Late Professor S. Xi. Singha, G. P. 
Majumdar, K. G. Banerjee, Dr. S. ,P. Aghar^ar, 
1. Banerjee and J. Banerjee of Presidency College and 
University College of Science and for the Zoology portion 
my indebtedness will ever remain unredeemable to 
Professots Drs. H. £. Mookerjee, H. Nt Roy, D. Roy 
Chowdhury of University College of Science and to 
I^fessers D. Mukherji and G. Chakrabarti of the same 
institatio^. But for the short-comings the poor author 
shoulders full responribility. 


I- The book has been prepared with the reeenl 
^vdppmeitts of science in view but the standard 
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fias not been undu}^ burdened. As rec^tly biology 
has been able to atoact^^e attention of the directors of 
education of our ta e^>ected the book will 

serve some useful purpose. 

The book has been divided into two parts, of which 
the first part deals entirely with Botany and the scco^id 
part deals with Zoology and comparative questions 
arising out of the syllabus. To be frank, J have consulted 
all the modem and current text-books on Botany and 
Zoology and 1 offer my grateful thanks to the authors of 
such text-books but let me assure readers that the com> 
pilation is not entirely Uie life-less eclio of those volumes 
because local flora and fauna have been cited. The 
following books may be consulted by those who like to 
probe further into the subject. Strasbuiger's Text-book 
of Botany, Lawson’s Text-book of Botany, Bose’s Manual 
of Botany, Green’s Vegetable Physiology, Palladin’s 
Physiology, Parker & Bhatia’a Text-book of Zoology, 
Lull’s Organic evolution, Thomson’s Manual of Zoology 
etc. 


d^nally, 1 express my aincercst reverence to. my 
father Dr. D. C. Nandi who encouraged and helped me 
throughout my student-life. But for his unchangeable 
sympathy it would have been impossible for me to take 
, my stand in the educational arena d my country. 

My thanks are also due to Prof. A. Das Gupta, 
Prof. S. N. Banerjee and Mr. S. Nandi for various 
help and to Mr. Monoian]^ Bannerjee for helping me 
with some of his blocks. 
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COURSE OF BIOLOGY FOR I.A. & LSc. 


CALCUTTA UNlVl^ITY 

(1) Characteristics of the Hying matter. Difference* 
between living and non-Iivii^. Difference between animil 
and plant.. 

(2) The physical and chemical nature of protoplasm 
(treated in an elementary manner). Cells, animal and 
vegetable, their structures and functions. Cell division. 
Tissues and tissue-systems in animals and plants. 

(3) Nutrition and growth, circulation of nutritive 
materials, respiration, excretion, secretion and the storage 
of reserve material in animals and plants. Photosynthesis 
in plants. 

(4) Stimulus and response in plants and animals. 
Movements in plants and animals. Nervous mechanism 
in animals. 


(5) Chemical co-ordination. 

(6) Reproduction, asexual and sexual. Partheno¬ 
genesis. Alternation of generation. The formation of 
the embryo in the fowl. 




(7) Outlines of the theory of organic evolution. 

(8) Elementary study of the following types: - 


(a) Amceba, (6) Monocystis, (c) Hydra,, 
(d) Leech, (e) the fresh water prawn, (/) Bhetki,. 
(g) Toad, (A) Guiimapig. 


' (a) Yeast, (6) Mucor, (c) Spirogyra, 

(d) Moss, (s) Fein, (/) Pea plant & (g) Maize 





miglit come to view. There are lai^e animals ancf 
planta which we see around us but there are also others- 
too small to be seen mth the naked kyc and requires the 
use of the compound microscope for their identification. 
The function of different organs and tissues of plants and 
ahimals is known as Physiology. The study of ascertain¬ 
ing their genetic relationdiips is Systematic Botany. 
It includes (I) N’omenclatnre, or the naming of plants, 
(2) Taxonomy or Classification mcarw the grouping of 
plants according to differences and resemblances of 
morphological characters (Principles) and arranging 
them according to some definite plans (Systems). 
Ecology is the relation of plants and animals to environ¬ 
ment. The above are but a few inportant branches of 
biology. Besides these, there are several other branches 
which deal with plants and animals of past geological 
periods (Palaeontology), diseases of living organisms 
(Pathology), study of heredity (Genetics) etc. The' 
domain of Biology brings the resemblances and differences 
of animals and plants to the forefront after studying Ihc 
life-histories of animals and plants. Biology has another 
important feature that it is able to bring out certain 
laws which govern the life of living organisms in this 
world. 


It takes into consideration not only the organisms 
that are* found to-day on the surface of the earth but 
also deals with organisms that once adorned the then- 
world. Biology also deals with the distribution .of plants 
and anintaU in the different oounitries of the world and 
tfie mysteries which exidain the causation of such 
distribution on snow-clad mountain-tops and polar regions, 
as alfo daris fatiuKnl^ wa^wtloms. 
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Importance of Biology— ' * 

t • 

Both plants and animals arc of economic importance 
to man and so they will be dealt with side by side. Let 
us enumerate briefly some of the more important ways 
in which plants and animals contribute to .our welfare 
or detract from it. 


Plants : 

1. Foods derived from plants. 
The principal fooda of nil 
nations are derived directly 
from plants. Agriculture is 
the ruudatnenial occupation of 
human l)eings» for of all living 
organisms green |dants idone 
are able to organUe the simple 
materials found in the air, 
water ond soil into the com- 
ple:r substances which all 
plants and animals mui^t liave 
for food. 

S. Fuel a fdant product. Fuel is 
primarily supplied by jJant. 
Wood is the universal source 
of heat and light energy. 
Coal, petreJeum and naiural 
gas, although obtabed from 
the earth, are the products of 
jdants which lived b former 
' geological periods. When wood 
is burned, the great store of 
energy which the tree has 
accumulated from sunlight is 


Animals ; 

Foods derived from animahk 
Animal foods arc of secondary 
importance and all animals 
live directly or indirectly upon 
plants* Meat, milk, butter 
etc. can he improved in 
quality and quantity if the 
aoimals are scientifically treat- 


2. In ludia, the fsecid matter of 
cows is used ill the form of 
dung^kes as a form of fuel. 
The fats and oils of animals 
are also used for lighting pur<» 
poses. 
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free in tlie forjn of hent. 
When eoal, petroleum or 
natural gas ia burned^ the 
energy stored by plants from 
sunlight of former geological 
ages is liberated. 

s 

S.. Plant iibtes. These are used 
for clothing and many other 
articles. Cotton, jute, flax and 
hemp supply these fibres. 

4. Wood products. Lumber is 
used for the construction of 
houses and buildings. 

5. Oils, resins aud drugs. 

6. Other uses of vegetation. 
Trees and grasses are great 
helpers for they ret^ water 
in soil, and pre\’ent destruc* 
live erosion. Aquatic plants 
supply food to aquatic fauna. 

7. Importance of bacteria and 
fungi. Some bacteria and 
fungi help by bringing l.he 
decay of the dead bodies of 
animals and plants. Some 
bacteria help tbe digestion of 
aniipals. 

S. Plants as a source of pleasure. 
Plants afford us an sstbetic 
pteMUTf. 


S. Anhud fibres.—Tht»t are aka 
used for clothiug as silk and 
wool. 

4. Bones are used for various 
domestic purposes. 

5. Animals supply glands for ihe 
preparation of medicines. 

8. The earthworm of the soil 
does immense good by its 
burrowing habit by expOMUg 
the lower soil and taking the 
upper soil to lower levels. 

7. Some protosoa and other hi- 
vertebrales cause disease in 
higher animals. 


8, Animals like horn, cow, 
dephant, Camd, dog etc. are 
domesUcated for immense hdp 
to human beings. Anim^ 
such as birds and butterflies 
etc. ipve us great pleasure. 
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CHARACTERISTICS OP THE LIVING MATTER 

4 

Living matter shows certain characteristics whibh 
mark them of! from tlSe non-living. Living matter essen¬ 
tially consists of a body composed of protoplasm. Even 
in the case of unicellular animal or plant, there must be 
protoplasm. Protoplasm has got complex chemical 
composition, namely, it is composed of proteins which 
arc absent from the non-living matter. Living matter 
shows movement i.e., capable of moving to and fro. This 
movement is more pronounced in the animal kingdom but 
not so in the plant kingdom but the roots of plants have 
to move constantly in search of food. Another factor 
peculiar to the living is the method of nutritiojL which 
means the taking in of food. The food is then digested 
with the help of certain juices known as digestive juices. 
Then absorption takes place and the animal grows. 
Growth as a result of nutrition and digestion is peculiar 
to the living. This type of growth is known as growth 
by intercalation. The plants take in inorganic salts in 
solution from the soil and organic food is prepared but 
that food has to be digested by plants. As a result of 
digestion, a plant grows. Therefore in the living, growth 
takes place as a result of internal process in other words, 
it is intrinsic but growth also takes place in the non-living 
which will be discussed in the course of this chapter. 

Living matter is always undergoing loss of sub-^ 
stance but it is not visible because the loss is made good 
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by nutrition. The loss is generally a process of oxidatioir. 

combination with oxygen and as a result of this» 
enei^y is liberated which manifests itself in the activities 
of the oi^anism. The process is called resjtj^tipji, which 
takes place both in animals and plants and externally 

oxygen is taken in and co-j is given out. 

-* 

The sum total of chemical changes as rcsulta of 
nutrition, digestion and respiration is l^nown as metabn- 
lum. The <X)iiSt‘ructive processes like nutrition and 
digestion are known as Anaboliam whereas destructive 
processes like respiration, excretion are called Kataholism . 
Metabolism is the sum total of Anabo lism and 

< 0 * 

•. Living matter shows rnitabUity i.e., it is capable of 
answering to external stimuli. ' 

Over and above the power of responding to external 
stimuli, living matter has the power of automatic move-' 
ment. This is known as automaticism. 

living matter ultimately attains old age, which is 
known aS Senescence, and dies. 

• Reproduction i.e. to say bringing forth individuals 
similar to the parents is one of the most important 
manifestations of life. In fact, life from preexisting life 
is the rule in the living world, this is known as the law 
of biogenesis. 

The above are the peculiarities of the living matter^ 

* 

BHfiktitee between Living and Non-Living— 

lirinf: Non-living: 

'll TVflmnff of imtopbutn. 1. Abaence of proti^atm. 

'tift.^KnlriUsn accunl ' 9, No nntriikHi. - 
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S, Growth takes place by 

cation and intersiuception of 
new materials. 

4. Respiration and e^ccretion oc¬ 
cur. 


* 

S. Growth occurs simj^ by ^le» 
potion or accretion of new 
materia]8 on the outside.* 

4. No respiration or excretion. 


0. Metabolic activities 



present. 

J^iviog matUM 
and automatic. 


are 


always 

irritable 


7. Reproduction occurs according 
to Biogeoetic law. 

8. Seuescence and death occur. 


5. No metabolic activity. 

I 

6. Irritability is present upto a. 
limited extent but autom- 
aiicism is ioiiJIy absent. 

7. No true reproductive activity. 

8. There is no senile decay or 
death. 


The points which have been noticed in the living 
are not found in the non-living but there are certain points 
•which arc common and require some special explanation. 
Growth takes place in the non-living also, as a stone by 
gradual collection of debris on it. They can form a larger 
lump but there is fundamental difference in the growth 
of non-living. This growth takes place not as a result of 
nutrition .and digestion but on account of external deposit 
of lifeless matter. This is known as extrinsic growth. 

Non-living matter does not show any protoplasm, or‘ 
•any method of organic reproduction, rhythmicity^e tc. In 
addition to the above, there are certain border-line cases 
whidi are bard to solve. A piece of sodium chloride is 
dead and a dog is living but when a piece of frog's muscle- 
is kept in Ringer’s solution and is capable of answering- 
ttf-stimulus we are confronted with the question that the- 
frog as a unit is dead ^t the muscle is living or 'dead^' 
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ANIMAL AND PLANT 
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The answer can be given by bringing the characters ctf 
the living to its test. 

Difference between Animal and Plant— 

There are characters which are peculiar to plants 
while others are peculiar to animals but in the lowest 
groups they seem to merge with one another. Ordinarily, 
the source of organic food is the plant because it can con* 
vert inorganic food into o^anic compounds with the help 
of solar energy and with the help of this organic food, 
animals specially herbivorous animals notirish and the 
animals either directly take these organic food or they 
live upon herbivorous animals but whatever be the food, 
it is ultimately the animals that have to depend upon 
plants directly or indirectly. As an example, man might 
take fruits, plants etc., or he may live upon meat but the 
meat comes from such •animals as goat, sheep etc., which . 
can take only small herbs and grass plants, so the 
ultimate traceable food is plant-food. The main 
•differences are:— 

(1) Plants can manufacture organic food with the 
help of chlorophyll stored either in soft parts as stems 
but specially in green leaves whereas animals have no 
chlorophyll And are entirely dependent upon plants. 
Plants .arc therefore called holophytic and animals are 
■called holozoic. 

(2) Plant. cells are generally provided with distinct 

composed of ceUulote or in fungi, of fungus 
■cellulose. The cellulose wall is absent from animal cells. 
In p^ts, naked cells are exceptionally found «8' in 
xepfOductive stages. .. ' • 



ANIMAL AND PLANT 


5 - 

t 

(3) Centrosome is generally found in animal cells 
but in plant cells with rare exceptions, it is absent.' 

(4) Bespiration occurs both in plants and animals.. 
The protoplasm undergoes oxidation with the liberation 
of cos and energy in both. In the lowest plants and 
animals, this interchange of gases occurs throughout the- 
entire body surface. In higher plants, interchange of 
respiratory gases takes place through minute apertures 
called stomata ; in higher animals, the principal respiratory 
organs arc the gills or lungs found respectively in aquatic 
and terrestrial forms. 

(,5) Plants take in simple iiioi^anic substances from 
the soil in solution with water through the root-hairs for- 
manufacturing organic food in the leaves but animals 
take prepared organic food through an aperture, the 
mouth and then inside a digestive cavity. Fungi serve 
Vs exception among planta for they live upon o^auic 
food. 

(6) Plants have no special system to drive away 
waste products from the body. Animals have a definite 
excretory system; the principal excretory organs in higher 
forms being the kidneys and skin. There is an apology 
for such a system in the plants, as often excretory 
products are eliminated with the fall of Bark or outer- 
rind of plants. 

(7) Pla^s and animals both show movements but 
the movenmht of the former is less and ordinaiily, the- 
movement of the root in the soil is the highest movement 
but in the special adaptation of winged seeds, the plants- 
conquer the material difficulties in their movement by 
travelling miles and milee. The animals are without apy 
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ANIMALS AND t’LAKTS 


restriction hi their movements. With a few exceptions^ 
most' plants are sessile whereas most animals are motile. 

Although the higher animals and plants show well- 
marked differences^ the unicellular animals or the 
unicellular plant seems to merge with one another in their 
lowest ranks and a special name is coined for them 
the ProtxBta. 


Soidaiary of difference between antnuh and plhnts. 


Animals; 


Plants: 


1. Animals depend on plant 
cither directly or indirectly for 
their food, in that ren^ Uie 
acumal's body n a le^ 
equipped chemical laboratory 
than the body of a plant. 


e. Chlorophyll abeent except 
when acquired from another 
plant. 



In anbnols there is almost a 
' limiting cdl membrane which 
is often protoplasmic and 
rarely made of cdlulose. 


4. Centrosome or attraction 
^ibere is imsent 

4. Respiration in higher forms 
through gflls or lungs. 




D^nile exmtory tugans in 
the form of nqdirtiia or kid- 
&e 3 rs in hi^itf Uimals. 

Host anifluk im ex** 

caipUpg .a few^mdi as the 
snwtHfc sea apeninoes» corals 

'jSra^didiadvW 


1. Plants can utilise simple in¬ 
organic substances from which 
they elaborate rom|Jex organic 
subsUnces which are used as 
food. 

St. Chlorophyll present. 


8. Cellulose cdl wail present ex¬ 
cept in fungi. 


4« Centrosome is rardy. present. 

^|f 

5. RespkatKHi in hi^ier forms 
throu^ stomata. 

6. No definite organ. 


7« Vest }4sfata are aSsnk egeSpU 
i»g aqMtie 


4 



CHAPTER IT 


THE PHYSICAL AND CHEMICAL NATURE 

j OF PROTOPLASM 

Protoplasm— 

Huxley defined protoplasm as the physical basis of 
life. Without protoplasm there cannot be any life. The 
protoplasm is a highly complex substance and is not 
possible to be analysed in the living state. The proto* 
plasm that is studied by biologists is dead because as 
soon as it is treated with stains and reagents, it loses its 
living properties. 

Properties of protoplasm— 

A. Physical—protoplasm is a jelly-like substance. 
It is readily coagulated i.e., it becomes solid just like the 
hardening of egg-albumen when boiled. It Jias the 
capacity to absorb substances of lower concentration i^. 
it shows t he phenomenon of osmosis. 

The miscrosoopical appearance has been described 
as:— 

(1) Reticular, (2) Fibrillar, (3) Alveolar and 
(4) Granular. 

, Reticular—protoplasm has been described to be in 
the form of net work or reticulum. 

Fibrillar—prot< 4 >lasm has been said to fif the 
form of threads called fibrils connected by other 
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Alveolar—when there are empty spaces in the- 
protoplasm known as alveolus. 

Granvlar—it states that protoplasm is in the form 
minute granules. 

B. Chemical—protoplasm is chemically regarded as. 
very rich in proteins. Proteins are always associated 
with organic life. As the commonest, example of pro¬ 
teinaceous substance, egg, fish, meat may be cited. The 
analysis of dead protoplasm has shown that it is composed 
of a variety of proteins. They have within them the 
following elements e.g. H, 0, N, C, S and some inorganic 
salts of sodium, calcium, potassium, iron, chlorine and 
phosphorus. 

C. Physiological—protoplasm is responsible for alf 
the life—processes in the oiganism. Protoplasm carrier 
out the following functions:— 

(1) NuirHion/ (2) Reproduction, (3) Rrapira- 
, tion, (4) Excretion 4tc. 

i I 

Nutrition—means th^ taking in of food or food* 
material and by a series of processes capable of converting 
them into the life-substance, the protoplasm. 

BhiKTodaction—every organism will ultimately <lie 
and in ^der that the kind may not be exterminated from 
the face of the earth, representatives must be left in the 
worid which in turn will repeat the process by* separating 
a . part of tile body add thus tite 'series w4U gia on and 
live in the world. This process is c^led Reproduction. 

r INvIfallo n—this process always takes place ijid 
ep^My consists in the interehsnge of oxygen of 
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atmosphere with the €02 (carbpn dioxide) formed in 
body as a result of ^me vital activity within the b^dy. 

Excreti6n~this process means the discharge of 
waste-products from the body. In the plant, the syste’m 
of excretory organs is not so well developed as in the 
animal kingdom, which carry on this process.' ‘ 

/ 

Protoplasmic movement— 

« 

Protoplasm is always in a state of movement. The 
movement of protoplasm :— 

(1) Rotation—when the movement is in a definite 
direction e.g., Vallisneria. 

(2) Circulation—when the movements are in 
several directions e.g. in the hairs on the stamens of 
Tradcscantia. 

(3) Amoeboid—when the movcnicnt takes place by 

the throwing out of blunt processes .called Pseudopodia 
e.g. Amoeba. - ^ 

(4) Ciliary—when the movement takes place with 
the help of line hair-like processes called Cilia e.g. 
Spermatozoids of Fern and Moss. 

4 

Tests for protoplasm— 

(1) It coagulates with the applicatioiL o! heat ana 
alcohol. 

(2) It turns yellowish-brown when treated with 
iodine. 

(3) It turns yellow with Nitric Acid and the ;jjeUow. 
colour becomes deeper with the addition of, ammonia. 
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PBOTOPLA8M 


Average percentage composition of protoplasm. 

• • Carbon .. .. 50 to 55 % 

Hydrogen .. .. 6*5 to 7*3 % 

Nitrogen 15 to 17*6 % 

Oxygen .. 19 to 24 % 

. Sulphur .. *3 to 2-4 % 

Protoplasm is regarded to be in the colloidal state. Colloidal 
oubstance consists of ultra-microscopic parlidel suspended iu a medium 
of fluid or semifluid consistency. The particles form the <lisperse 
phase and the solute, the continuous phase. All such otnicture is 
invisible to the naked eye, being of ultra-microscopic sisc, but always 
within the protoplasm small microscopic granules or drops are visible 
and these do not form part of the essential permanent protoplasmic 
structure but are small aggregations of fats, carbohydrates or proteins 
which have been temporarily formed as a result of the protoplasmic 
activity. They may be referred to os msfobofites.” Such a 
substance may be an Emalsion. 

The prot^ part of protoplasmic colloid is readily and irreversiMy 
coagulated by high temperatures and with this coagulation, the life of 
the cell comes to an end. 

Within f^y wide limits^ the protoplasm can lose or gain water 
in the manner of gdatine, passing from one condition to the other 
readily and reversibly according to conditions. 

A colloid which looks like a sdution is called a sof, and that which 
is semi-solid in consistency is known aa Od. Cyt<fplam is an example 
of Sol, while the nucleus is Gel. 

Aibove 40^C, the atructore of the protein molecules is affected and 
the irreversible coagulation changes set in. Thus the protoidasm ran 
be siud to exut normally in a state intermediate between that of a 
sol and a gd and a change in either direction is very readily caused 
by tempe^ure, changed water-content, changed salt concentrations 
and by diff^oit hydrogen-ion conc^trationa. 

If pi^stoidasm is subjected to a sphition of salt or sttgtf, it w3l 
*allow 'the water to pass but not the subitaaoea with larger moleculefl, 
Thitt protoplasm is said to be ssmjpsmeaUai 
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The oucleer compoaitiiMi has an additional dement namely 
^hotphona. The different kinds of pcoteina which are abundantly 
found in it ate nucleo-albumin, ^obolin and peptones. * * 

Cells— 

Cells are the structural and functional units of the 
animal body. In the case of a unicellular animal, the 
single cell has to carry out all the functions but in a 
multicellular animal, several cells combine to form a 
tissue and tissues are in their turn specialised to perform 
definite functions of the body. The animal cell is 
peculiar in this respect that the definite cel>wall is 
absent. It consists of a spec of protoplasm differentiated 
into (a) Cell>membrane, (6) Cytoplasm and (c) 
Nucleus. 

Cell-membrane—This is the limiting membrane 
of the cell and occurs in the form of a thin pellicle. In 
most animal-ccU this is a specialised part the protoplasm 
and hence a living structure. 

Cytoplasm—The portion of the protoplasm within 
the cell-membrane and surround^g the nucleus is known 
as cytoplasm. The cytoplasm consists of an outer 
transparent Ectoplasm and an inner granular Endo> 
plasm. Embedded in the cytoplasm and lying close to 
the nucleus is a star-shaped body known as Centrosphere. 
Within which are one or two granules called Centrosomes. 
The centrosphere plays a very important part during 
cell-division. The cytoplasm also contains Mitochondria 
in tile form of rods and ctmes and Golgi-bodies which 
can only, be demonstrated by treatment with special stains 
and reagents. 
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''" Cavities or gaps are often met with in the cytoplasm. 
Thes^^ dontain a fluid ealied' ceil^sap and are known as 
Vacuoles. 



^Iiiroal cdl. 

]. Ectoplann. 5. Nucleolus. 

2. Efidoplasm. 7, Mitochondria. 

9. Vocttole. 6. Nuclear membrane. 

Ntidear leticuluin. 8. CenUosphere. 

9. Golgi body, 

Ifncleus—*It is the most dense part of the cell- 
protoplasm and is bounded by the Nudeah-membrane 
within which lie the Nucleoplasm. The latter is made 
up of a hetwork of linin-ihreads containing thick comers 
of.^romatin granuld^ Within the meshwork there 
is a fluid called Nnelear-sap or Karyolymph. Here^ 
and there chromatin granules are aggregated to form 
bodies called Nucleoli. 

Cd| division— 

The growth of an aiunud or pkyt results from the' 
£vinon*of its cells. Thae^gare some unicellular animals' 
which also must divide to to new animals. - There'. 

•Be fseveral methods of Some are! v^y> 

ol^le, pikers are complicated in tfai^ Qfpeess of divisioiu: 
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The principal types are 

(a) Djrect division, (b) Indirect division or 

Mitosis or Karyokinesis, (c) Reduction division 

or Meiosis, (d) Free cell formation. 

Direct division— 

4 « 

% 

Direct division occurs in the lowest group of animals 
namely the ■protozoa. The nucleus first elongates and 
assumes the form of a dumb-bell and the cytoplasm also 
constricts and separates into two cells, e.g.. Transverse 
■division of Paramoccium specially the meganucleus. 
Amoeba. 

♦ 

Indirect division or Karyokinesis or Mitoms— 
(After Dr. Hans Griineberg,'Ph.D., M.D.) 

Nuclear division of the sort almost univei^saily found 
in plants and animals is called Mitosis. The resting 
nucleus oC a cell is a veacle of varymg shape surrounded 
by a nuclear membrane. It consists of fine threads in a 
tfghtly coiled bundle. The threads are the Chromosomes 
and to one or two of them, a darkly staining body, the 
nucleolus may be attached. ChromO^imes can be distin- 
*guished from other constituents of the cdl by a specific 
chemical test (Feulgen) and are stainable with basic dye- 

4 

stuffs such as haematosylin and gentian-violet. 

The stages of mitosis which can be followed in living 
cells' or> fixed preparations, are:— 

(1) Prophase—Separate dtiomotomes become visible 
as fine long threads. They consist *6f little ^nules caQed 
dhromomeres, connected by a fine thread like beads 
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Each chromosome is a double thread, a longi- 
tpdin^,! ^lit having occurred prior to prophase in the 
resting nucleus. Each half is called a Chromatid but 
the two daughter-chromatids of each chromosome are 
still connected at one point. At later stages of Frophase, 
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the chromosomes contract by forming a close spiral thereby 
getting thicker and shorter and staining darker in prepa¬ 
rations. * 

(2) Pro*metaphase—^The nuclear membrane becomes 
dissolved at the end of prophase so that the chromosomes 
are lying free in the cytoplasm’of the cell. A spindle of 
denser cytoplasm is being formed, parts of which are 
contributed by the nuclear sap. The poles of the spindle 
which in some organisms emanate from a darkly staining 
body, the centriole or centrosome, are at opposite sides 
of the nucleus. The chromosomes have contracted length¬ 
wise considerably. That part of each chromosome which 
was not yet divided at prophase attaches itself to the 
spindle; it is called the spindle attachment or Centromero. 
Now this Centromere also divides. 

(3) Metaphase—^The chromosomes arrange them¬ 
selves in the equatorial plane of the spindle to make a 

circular “ plate.’* 

' * 4 

(4) Anaphase—The two daughter chromatids of 
each chromosome move towards opposite poles of the 
spindle. This disjunction starts at the Centromere which 
^erefore is responsible for tiie separation of the chromatids. 
Since the two groups resulting from this separation each 
Itches a daughter chromatid of every chromosome, twO' 
e^plete and. exactly corresptmding sets of chromosomes- 

formed. 
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'Karyokmesis or Somatic type of 
nuctear division. 


A. Resting cell* 

B. Centre^here dividing 

into two, propbase. 


C. Nudea? Sfuadle forme 

D. Metapliaae, 

£• Anaphase. 

P. Telophase. 


a *4 


Zk. Cytoplasm. 

Csph. Centrosphcrcj 
Kk. Nucleolus, 

Chr. Chromatin, ,e 
Ksp. Spindle. 

Cbra. Chromosomes, ^ 
Km. Nudear meoibranu* 
Ci. CeDlroaome. ( 

.Ts« Dauffhtet cell. v' 
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(5) Telophase —^New nuclear membranes are formed 
rou^d' the two new nuclei. New nucleoli are formed, 
replacing the one dissolved during mitosis in each 
daughter-cell^^and a division of the cytoplasm between 
the nuclei marks the end of mitotic cell division. 

I 

The number of Chromosomes is constant in a given 
species^ 

Each animal or plant spcciea haa in all ita body cells a constant 
mimber of chromosomes visible at every somatic cell division. In a 
few groups, the two sexes differ as to chromosome number. 


Species Number of 

Chromosomes. 

Entamoeba histolytica .. .. 6 

Culex pipiens (mosquito) .. ,. 6 

Anopheles •. .. «» G 

Drosophila melanogaater (fruit fly) .. .. 8 

Musca domestka (house 6y) H 

Luciiia (green-botUe) .. .. 12 

Calliphora (blue-bottle) .. 12 

Fisum sativum (garden pea) 14 

Zea mays (mmse) .. .. 20 

Sana temporaria (frog) . • ., .. 26 

Mus musculus (house mouse) •. ^ . 40 

Man 48 

Bcanbyi men (silk-worm) .. .. .. 56 

Rumex hydrolapatbum (great water dock) .. 200 

Cambarus sp. (crayfish) , • .. .. 208 


The chromosome number is nsually even, suggesting that the 
chromosomes are j^eseat in pairs. Some exceptions to this rule do 
occur. 

* ♦ * 

Th« shape at the Metaphase Chromosomes_ 

The ehape of the chromoewmee-at meUpbue may be n>d43(^ 
at y*aliaped with two eqiud aniu, or L>a!iaped with s long ud 
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-short arm, or very short ovoid or ^obular. Often a diroiiK>soine lias 
a little knob attached to one end called a Trabant or SatellitOb • In 
the chromoflome conipleraent of any given species, several types d 
chromosomes may' be present dmultaneously. So in Drosophila 
melanogaster (fruit fly) four out of eight chromosomes, are always 
V-shaped, and two others are always dot-like and very amail. So not. 
only the number of chromosomes, but also their shape is characteristic 
for each species. Each chromosome has an individuality, and in 
many aperies with nut too numerous chromosomes and sufficient differ¬ 
ences in chromoHome rliaiie and sue, individual chromosomes are easily 
identiHable at every cell-division. 

In such cases it is seen that chromoBomes are present in 
.pairs, the partners of which correspond to each other. So in 
Drosophila melanagastor females, there is one pair of rod dike 
chromosomes, two pairs of V-shaped chromosomes and one pair of 
very small globular chromosomes. The members of such pairs which 
are usually (with one important exception) of very similar shape nnd 
aize, are called Homologous chromosomes. The hoinoiogy of 
chromosomes in pairs becomes very obvious at the maturation 
divisions prece^ling the formation of sex-cells, even when that 
hotnoiogy is not so striking in somatic divkioas. 


MEIOSIS 
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The two nuclear diviAioiia prr<?eding the formation of functioning 
'sex-cel 1 h are called the first and second meiotic divisions, the 
whole process is called Meiosis, In animals the procem leading to 
the formation of male gametes or spermatozoa is called Spormato- 
genesis and that leading to female gametes is called oogeneats. 
In plants the corresponding terms are Micro and MegasporogencBia, 

Spermatogenesis_ 

The prophase of the first meiotic divirion is characterised by a 
number of complicated processes not found in any other edl diviriom 
The following stages are distinguished 

, 

(1) Leptotene—The chromosomes appear as fine coiled Ihmds 
within the nucleus. Their number is, of course, that characteristic. of 
the aperies, , ' 
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(f) Zfcoten^^HomoloKoas Chromosomes ftiart pairing ia 
radr a way that the two threads lie paralld to each other. This 
intimate pairing brings corresponding parts of the chromosomes side 
by side. Thus at this stage, the number of chromosome i>airs or 
Bivalents is just half the number of isin^e chromosomes of the set 
seen at mitosis. 

(S) Pachytene—^The chromosomes get somewhat tliicker and it 
becomes obvious that each of the paired chromosomes (A and a) has 
divided longitudinally into two daughter chromaiids, so that the 
whole group now consists of four threads (A^ A" a' t /'). Jilacli 
homologue is represented by two ktentical daughter chromatids, which^ 
however, are atill connected at the spindle attachment, 

(4) Diplotene— As soon as the spliUing of chromosomes into 
two daughter chromatids has taken place at pachytene, the attractive 
force which brought homologous chromosomes parallel to each other ceases 
to exist. Homologues open out again an<l would separate complelcty, 
if they weie not held together at one or several points by wliei are, 
called chiaejnata. A chiaanta is o crosswise connection between 
two chromatids of a bivalent which ore not the daughter strands 
of one original chromosome. So eitlier of the two A strands may 
form a chiastna with either of the **a'* strands. At any given level 
the bivalent only two of the four strands ere involved in a chtosma; 
but if several chiasmata are formed, other strauds than those 
forming the first one may contribute to the second or third 
chiasma. 

After the fetmaUon of chiasmata has taken pdace, chromosomes 
contract, getting shorter, but much thicker. This contraction reacnes 
a maxinium at metaphase when tlie bivalents have arranged them- 
selves ..in an equatorial plane. 

At the anaphase of the first meiotic division the bivalents 
separate in such a way that at the spindle attachment which initiates 
disjuhetira, the two daught^ chromatids of each homologue renuiin 
Ix^ther since the spindle aUachm^t point, unlike the rest of the 
^irraiosoQe, has not undergone division at pachytene. So A' and 
go j[nto one ceU, while a^ and a^^ pass into the other. It is to be 
dearly understood that this apfdies only to the region of the 
spiidle attariwieatt The failure of the qiindle attachment to divide 
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is peculiar to the first meiotic division MtC* Soei no\ occur at any 
other cell division. Tlie oonrluding phase of the first mciotic division 
IS usually at once followed by the beginning of the second meioLic 
division. Each of the two nuclei resultini; from the first division 
^vidcs a^Q. Xo new division of ebroTnosomes takes place at tins 
division, but the two cliromalitis left together at the previous division 
now pass to opposite poles of the spindle. So altogether four cells 
are being formed which now differentiale into mature spermatozoa. 

Result of the two Meiotic divisions— 

Tlierc are two ccll-divisions, hut difrlng these divi^ioni the two 
hom(^ogues of a pair* A and a. have divided only onc'e (at ])&chytene 
of the first division) forniing the bivalent A' A" a' a". Tlie fotjr 
strands of the bivalent are now dislnbutevl to four cells. Kach of the 
reaulling colls, therefore, ret'elvos otil> one of the cliromatids, either V 
or or a' or a'^. Since this applies to all tlie bivalents, the net 
result IS the formation of wlls which do not contain the full set of 
chromosomes, but only lialf that number. Tliey. fhercfi>re, carry only 
one luember of ea<*h pair of boTnologucs 

The result of ineiovis is therefore reduction of <*lironiO'«omc 
number. If the Fomulic number of chromosomes is each sperma¬ 
tozoon contains only tt chroninsoines. \Ye call the somatic number 
(9n) diploid^ while the gametic chromosome number (n) is called 
Haploid. Drosophila, for instance, lias Diploid 8, haploid 4 (hromo* 
aomes, man reapectively 48 aod ^4. This halving of the chromosoinc 
number is called Redaction. 

Free cell formation— 

Sometimes the nucleus is <Hvidcd into a nuinher of 
parls and later on cytoplasm collects to each bit of 
nucleus to form a number of naked cells. Thi.s is known 
as free ccU formatiou e.g. gametes of Monocystis. 

**rissue and Tissue-system in animals— 

Tissue means a collection of similar cells performing 
a deHnite function in the body. There are various tissues 
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in t;J|e body of an animal. These tissues combine to form 
organsl Example of organ is the eye, tongue, Ijver etc. 
Practically organs also combine to carry out different 
functions of the body, such a combination of organs is 
known as a system. Thus urine is manufactured inside 
the kidney, from the kidney it passes by a passage called 
ureter and collects inside a sac called urinary bladder, 
now the whole work is accomplished through thes^ organs 
namely kidney, ureter and bladder and they form a 
system called urinary system. 

There are four kinds of tissueg: —(a) Epithelial, 
(b) Muscular, (c) Connective and (d) Nervous. 

Epithelium means a boundary and epithelial tissues 
are found to cover the external and internal surfaces of 



Squ«tDOUi epithelium* 
surface view. 


the animal. There may be simple epithelium consisting 
-of a single layer of cells or compound epithelium con> 
sisting of two or more layers of cells. According to thcr 
shape of the cell, the epithelial tissues are of the following 
kinds;— 

: (a) Columnar—In this the cells are tall, lying side 

•hy' side like columns. Between, the there are fine 


EPITBELlt7M 


31 


crevices which communicate with lymph-spaces; found^iii . 
the lining of -the intestine of Toad. 



CiUted cpilhelium from toad's mouth. Cell with cilia. 

(b) Ciliated, this is a modification of columnar 
epithelium and has a lining of fine protoplasmic hairs on 
the outer borders of the cells. The hairs are called cilia 
and arc in constant motion in one direction found in the 
roof of the mouth of Toad. 

(c) Glandular epithelium is a kind of epithelium, 
in which the cells become specialised for the secretion of 
chemical substances. The glands might be simple or 
compound. This is found in the stomach of Toad. 

4 t 

(d) Squamous epithelium is a kind of simple 
epithelium. The surface of this tissue seems to be com¬ 
posed of flat tiles like a pavement found in the liifing of 
blood-vessels, coelome, toad’s skin. 

‘ («) Stratified or compound epithelium—In this 
several layers of cells are found. The innermost layer is 
generally soft and is Icnown as Malpighian layer. The 
outer layers become more and iqore flat and horny, is in: 
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* skin or epidermis of toad. The outer cells fall off and 
-are renewed by new cells from the soft layer. 



Glandular epU 
thelium from the 
alimentary canal 
of Toad-atotnacii. 



Slmlified epithelium 
from toad’s skin. 
(Section) 

1. Cutaneous gland, 
e. Duct. S. Epithe- 
lial cells. 4. Malpi¬ 
ghian layer. 5, Pig¬ 
ment cells. 6. Gland. 

7. Connective tissue. 

8. Blood-vessel. 9. 
Connective ' tissue. 
]0. Connective tis- 


(j) Cubical epithelium —^This consists of cubical 
•cells. They are found in the gonads where they give rise 
to germ cells. 

Muscular tissue^ 

The movements of the body are generally controlled 
by the contraction of this tissue. This tissue consists 
•elongated cells which are highly elastic and contractile. 
Muscle fibres are of two kinds, (a) Striated or Striped 
.and \'6) Plain or . unstriped or unstriated. 
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Some of the muscles are under the control (rf the wjll 
t. e. the animal can control the movement which is 
generally called voluntary type and is striated. Others 
are not under the control of the will and are. called 
involuntary. They are generally unstriated. Exception 
—heart muscle though striated is involuntary. The fibres 
of plain muscle have elongated cells with nuclei in tho 
middle i. e. each cell has a single nucleus e. g. muscular 
lining of Intestine. 



L'nstriped muscle fibres with nuclei. Striped muscle 

fibre dark and 
li^t bands from 
toad’s leg. 

The fibres of the striped vafiety are ccenocytes i.e. 
each fibre contains several nuclei and their cytoplasm 
exibit alternate light and dark? stripes. The nuclei are 
scattered along the length of the fibre. The fibres are 
surrounded by a sheath called sarcolemma which adheres 
to the adjacent fibre or tendon as in the leg muscles of 
Toad. 

Heart muscle— 

The heart muscle although of the striped variety is 
•an exception. Each cell has a nucleus and is striped but 
it is not under the control of the will; the automatism lies 
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within its own tissue which has slightly less distinct stria- 
tiofis than ordinary muscle. 

* i 

Connective tissue— 

This tissue develops plenty of intercellular substance- 
to bind together or support other tissues. The connective 
tissues may be of the following types;—(1) Connective' 
tissue proper, (i) Cartilage, (S) Bone and (4) Bloods 

(1) Connective tissue proper—As the name in¬ 
dicates it connects other tissues. They contain fibres of 
two kinds e.g. white fibres which may branch and have 


Heart raiude of 
Toad. 



1. ]Rbre-branch. 
S. Nucleus. 

S« PWitioo. 


CcmnecLive tiasue. 



Cells, y^ow fibres—ruQ ai&glyj 
white fibres—in bundles. 


a -wavy course but never join with one another and are 
composed of fibrils. The yellow fibres or elastic fibres 
join up^ fo^ a network but ate not composed of fibrils. 
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When connective tissue is boiled, the ground substailoe 
gives gelatin. In the ground substance of connective 
tissue, spaces are found which are occupied by scattered 
connective tissue corpuscles. Connective tissue almost 
penetrates every part of the body holding the softer 
tissues In position ; under the skin it forms a continuous 
la^r'calleTl dermis. \ The dermis is covered by epithelial 
layer called epidermis. Tendon is a modification of 
connective tissue and serves to connect muscles to bones. 

Cartilage is found in the pinna of external oar. It 
ha.s a homogeneous ground substance. The cells are 
found in pairs in the ground substance which .scparalo 
due to the secretion of the cells. There are two kinds of 
curtilage. One kind shows abundant devolopnu'nl of 
fibres and is knowiTns AErous cartilage. The other kind 


Cartilage. Soction of dacalcific<l bone 



Ground aubatance, 1. Havenian canal. 2. BoneK^ll. 3. Lamellae, 
cella are dividing. • 

• 

docs not. show any fibre but has a hyaline ground 
substance and is call^ hyaline'Mrtil^e. 

Bone— 

The ground substance of this tissue consists of animal 
^tter oii^wBich "calcium phosphate or carbonate . is 

3 




BLOOD 



deposited. A thin section of frog’s bone shows that it is 
coiftposcd of many thin layers or lamellee surrounding 
the marrow cavity. In the lamells are found numerous 
cavities called lacunae'' with delicate branching tubes 
called canaliculi which run in all directions. The cavities 
in sections appear black owing to the presence of air in 
them. The lacuns contain the bone cells. 

Blood is a kind of liquid connective tissue, for it has 
liquid ground substance. Mainly two kinds of cells are 



Blood o( Toad. Ova}—B^d blood corpuscle, Bound 
and irregultf—white blood corpuscles. 


found in blood. They are called corpuscles e.g., white 
axid^.red blood corpusclee: The white blood co^niscles 
pla^ a very important part the body because they can 
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•devour disease producing bacteria introduced into the 
body of the animal. The red blood corpuscles stipply 
nutrition to the tissues and are also carriers of a colouring 
matter called liasmoglobin which play an important role 
in respiration. The liquid ground substance of the blood 
is called Plasma. Blood when shed, sets into a jelly-like* 
substance, this is called clotting or coagulation of blood'. 

Nervous tissue— 

^hc body of the animal is traversed by fine 
thread-like structures called Nerves^ These nerves carry 

Nerve Bbn». 



I. Nucleus of dmUi. S. Neurolemma. 

9. Node of Rasivier. 

% 

messages of the body. The nerves give us the power to 
discriminate the hot from the cold substance and various 
other scusory intelligence. Suppose a substance is hot, 
the feeling of hotness is carried by nerves to the brain 
and immediately another set of nerves coming frofii the 
brain order the part of our body to remove from the hot 
substance. Therefore a central station is seen e.g., the 
brain which is called the central nervous system and 
there are two sets of nerves, one is efferent and the 
second is afferent. The sensation is carried from •the 
outside to the brain by afferent or seneory nerve while 
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th6 revene order, that u, from the brain to the tissues is 
by efferent or motor nerve. The nervous tissue is com- 
poa ed of cells or nemron^ Each cell has a ceU-Body 
containing the nucleus, a long process called the Axon 
and a branching end called the Dendron or dendrite. 



Nerve cell. 

1. Nucleus. 2. Aion. P roe m of medullary sheath. 

The axon often is very long and takes the form of a 
fibre. The nervous tissue run in bundles enclosed by a 
sheath of connective tissue. While examining a nerve, 
this sheath-'must be tom off with needles to expose the 
nerve fibres. 

Each nerve fibre has a central axis called Neuraxis 
or axisflbre. Around this, is a sheath called medullary 
sheath and finally covering the whole is a membrane 
called aeurolemma. At intervals, nodes are produced 
due .to the absence oi meduUaiy sheath called Nodes of 
Raavier. 
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A collection of nervous tissue is known as Ganglion 
where nerve fibres and nerve cells arc found. 

The brain and spinal cord form the central nervous 
system while the nerves both efferent and afferent form 
the peripheral system. 

In the autonomic-nervous system, the nerve fibres .irp 
devoid of any medullary sheath. The.se fibres constitute 
the non-medullaled nerVe fibres as distinguished from 
the medullatcd fibres just described. 



CHAPTER III 


NUTRITION AND GROWTH 

The living organism takes in food or fond-materia! 
for its nourishment, that process is called nutrition. The 
animals take their ]n*cpared food either from plants or 
from animals. The plants, however, have to take their 
food material in the form of solution through root-hairs 
except in the case of Fun|p or in the case of insectivorous 
plants which live upon organic life. 

The simplest animal like the Protozoa and specially 
the amoeba, gets hold of food through pseudopodia or 
false feet and then transfer them to the food vacuole for 
digestion. The next higher animal namely the Hydra 
gets hold of the food through tentacles and transfers them 
to the coelcnteron for digestion. In the third higher 
group ill complexity of structure namely the Leech, the 
food is sucked and then transferred into the alimentary 
canal for digestion. The freshwater prawn, the fourth 
higher group and almost the highest among Invcrtebrata, 
nutrition i» in the form of engulfing food with the help of 
appendages and legs. 

The vertebrata or the back-boned animals generally 
live upon organic foo<l^ but that food must be digested 
with the help of certain secretions from glands like liver, 
pancreas etc., which make them fit to be absorbed into 
fhepblood stream to supply nourishment to the tissues of 
the body. 
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The lowest plants simply absorb water through tljeir 
body and generally with the help of sunlight and chloro> 
phyll can manufacture their food. 

I 

The fundamental difference in nutrition in the two 
kingdoms of animals and plants lies in the fact that the 
former is only capable of taking organic food whereas 
the latter takes in inorganic food-material. The nutrition 
of animals is holozoic whereas plants have holophytic 
mode of nourishment. 

When the food has been digested, it enters into the 
body and supplies every living cell. In the higher 
animals, the nutritive material enters the blood stream 
and supplies different organs and tissues of the body. 
If there is extra amount of food after compensating the 
loss which always occurs in the body for the production 
of energy, growth takes place. Growth always occurs 
whenever there is extra amount of nourishment and the 
second factor is the healthy condition of cells. 

The higher plants also grow when there is additional 
amount of nourishment after meeting the immediate 
amounts necessary for the loss undergone by the plant 
in the production of energy. As a matter of fact, every 
living cell whether it is a unicellular organism or a 
multicellular one, has to bum part of the protoplasm for 
the production of energy. Nutrition is necessary to make 
good this loss and the additional amount is utihsed for 
its growth. Growth means, in the higher organism, 
addition of new cells manifested outwardly by increase 
in' size. 

The higher animals take the food but that food as 
it is, cannot be absorbed by the tissues so a dfitaileii 
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process is gone through known as digestion. Digestion 
takes place by several stages, the first stage takes place 
wWi 'a juice called salivary juice secreted by salivary 
glands situated in the mouth. The next stage is inside 
the stomach, where the walls secrete a juice known as 
Gastric juice and the final digestion is brought about in 
the small intestine where juices from pancreas and liver 
make the food fit to be passed into the blood stream. 
Without entering into details, it will be useful to remember 
that certain chemical agents known as Enzymes help 
digestion but they arc not themselves used up in the 
process. 

Higher plants also have to digest before the food 
can be used for the welfare of the plant body. 

Circulation of Nutritive Materials— 

The nutritive materials enter the plants through 
root-hairs by a process of osmosis. Osmosis means that 
the substances of higher concentration always attract 
substances of lower concentration when separated by 
permeable membranes. In the case of plants by osmosis, 
w'ater and dissolved inorganic substances enter the roots 
and by a second process called root-pressure which is 
generated in the roots, the water is pumped up the stem 
through xylem vessels. There are other factors which 
help the rise of water in the xylem vessels. Therefore, 
it i.s seen that the material enters and passes through the-, 
xylem vessels and finally reaches the leaves. In the 
leaves, the manufacture of organic food takes place. 
When the organic fobd is prepared, the easily available 
form'is sugar; this sugar immediately pa^es Hirough 
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another set of tissue called phloem. Therefore in the 
plants, there is extreme specialisation regarding the path 
for food-material and food. The phloem earries the food 
generally in the form of sugar to parts where there is 
immediate necessity. The extra amount of food is stored 
up inside the plant for future use in the form of starch. 

The lower plants like Spirogyra absorb nutrition 
through their surface and as they live in water, dissolved 
substances have easy access to their cells. 

The fungi which arc cither parasitic or siiprophytic* 
absorb nourishment through mycelium. As the fungi can 
live only upon organic matter, the process of absorption 
is direct and that serves ns food. 

The higher animals take the food through the mouth, 
, after a brief process of chewing or mastication when 
salivary juice mixes with the food, it passes into the 
stomach. In herbivorous animals, the digestion is 
delayed in the stomach, because in some animals, the 
stomach has several chambers. When the animal first 
takes its food, it passes into the first chamber, then it 
is again brought to the mouth for chewing when the 
animal feels leisurely and finally it is passed into the 
other chamber to be transferred to the intestine. The 
first part of intestine namely the small intestine not only 
carries out the remaining process of digestion but the 
actual absorption into the bloodstream takes place in this 
part. The residue mainly consisting of waste products 
pass out through the large intestine to the outside world 
in the form of faeces. The carnivorous anihials have the 
process of digestion much simplified and it begins in the 
mouth, continues in the stomach and finally sent into 
the small intestine where juices come from glands like 
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liver, pancreas and nourishment is sent to the blood. The- 
loVer animals like protozoa have nourishment from the 
surface and- with the help of food-vacuole digest them. 
In Hydra, there is only one aperture through which food 
enters the coelcnteron where digestion takes place. The 
leech takes nutrition in the form of blood and gradually 
digest drop by drop which may last for one year i.e., one 
meal may be digested in one year. The prawn has 
digestive glands and alimentary tube which may be 
compared to digestion of higher animals although not so 
specialised. 

Respiration- 

Respiration means the interchange of COj (carbon 
dioxide) for oxygen, in other words, the taking in of 
oxygen and giving out of carbon dioxide. The animals 
and plants always undergo some loss in the form of 
oxidation. The protoplasm is undergoing combustion to 
produce energy. This process of combustion occurs both 
in animals and plants. It essentially consists in the use 
of oxygen by tissues and the resultant production of 
carbon dioxide which must be eliminated. This process 
is responsible for the production of energy which gives 
the power to work. 

-The high^ animals like man, tiger, guineapig etc., 
respire through special organs, called the lungs. Air enters 
through the nostrils, passes to the back of the mouth, 
enters the glottis and thence to larynx and trachea and 
finally makes its way inside the lungs. The lungs havc- 
fiiie blood-vessels in the form of capillaries which absorb^ 
ox;^en and eliminate COs- The impure blood with CO^ 
is brought to the lungs from the heart and the impure 
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blood after purification again passes into the heart, ^he 
result of oxidative processes in the body is the gaseous 
substance COo^which acts as poison to the body, therefon; 
the sooner it is got rid of, the better for the' animal. The 
toad or frog in the adult stage respires through the lungs. 

The fish has a peculiar method of respiration. The 

• 

gills are the organs for respiration, here the current of 
water brings with it, the dissolved oxygen that is passed 
through the gills where there are capillaries to absorb it 
and give out CO 2 from the blood which is circulating 
inside them. 

The simple animals like protozoa, give out CO> 
through their surface. The prawn have gills which 
eliminate CO 2 to the outgoing current of water. 

The plants also respire, CO 2 i.s given out and oxygen 
is taken in. In the higher plants, there is no such organ 
as the lungs but there are minute apertures on the leaves 
called stomata which perform the function of respiratory 
organ. Ordinarily, oxygen is taken in from the air and 
CO 2 is given out through the stomata. The proecss takes 
place day and night. The plants have a simultaneous 
process of photosynthesis which takes place at the day 
time only. Photosynthesis requires the presence of CO 2 
which enters the plant-body through stom.ata. The a.sso- 
ciation of plants is healthy for all animals in the day time 
because free oxygen is evolved due to this prdeess of 
photosynthesis. There are some plants which can respire 
in the absence of atmospheric oxygen, their oxygen is 
derived by the disintegration of tissues, such plants are 
.called anaerobic plants. There are other plants which 
can respire only in the presence of oxygen, thejf are- 
called aerobes. 
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The anaerobic plants are yeasts while almost all 
plants are aerobic. 

Experiment to show that plant respires. 

A glass flask is filled with florets of sunflower and 
all green parts are rejected and some cotton wool supports 
the florets when the flask is inverted and fixed to a stand. 

t 

The flask has also some stieks of caustic potash. The 
flask has a perforated rubber cork. The cork is sealed 
with the flask with paraffin wax so that no air can enter 
the flask. Through the perforation of the cork, a glass 
pipe of narrow bore passes into a dish of mercury at one 
end and the other end is inside the flask. The pipe is 
properly scaled with cork so that the apparatus is 
absolutely air-tight. After some 5 to 6 hours, the 

mercury rises in the tube. The significance is that the 

* 

florets have respired and the CO 2 which is set free, is 
absorbed by the caustic sticks so that a diminution in 
volume of gas has occurred within the flask and as a 
result of that, mercury has risen inside the tube. 
This proves that respiration has taken place. 

Excretion- 

Animals «nd plants do not require all the substances 
introduced in their body. So everything which is useless 
to the organism must be eliminated which is known as 
excretion. Anything which is useless to the organism 
and has to be got rid of, is excretion. The higher animals 
take ,a lai^e amount of food but the waste products which 
are not required, for the body are rejected as faeces, ur 
excreta. The higher animals including fish, toad, reptile^ 
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birds and mammals have a definite excretory system. 
The blood stream carries the waste products of the,body 
derived as a result of metabolism in the tissues which 
pass out as gas from lungs or gills as the case may be, 
in the form of COg. On the other hand, the blood is 
filtered and the nitrogenous waste products dissolved iii 
water, pass out from the kidney through a passage called 
ureter. Therefore the kidney acts as a filter and the 
waste products pass out in the form of urine. 

Another example of the way by which excretory 
products are eliminated is through the pores of the skin. 
The perspiration takes away the wa.ste products but at 
the same time, it has a beneficial effect namely the skin 
is kept moist and is prevented from breaking down. 

The lowest animal like amoeba has a contractile 
vacuole by which excretory products arc eliminated. 

Hydra has to eliminate through any part of their 
surface. The leech has pairs of nephridia segmcntally 
arranged for the discharge of waste-products. The prawn 
has a definite excretory system which has their openings 
at the base of antennae. 

The plants have generally no definite excretory 
system but in the higher plants, cxcretoiy pro<lucts aro 
generally stored up in the cortical region of the stem. 
In the plants, where bark is formed, the falling off of the 
bark, takes away the excretory products stored up in 
that dead tissue. 

Sometimes the plants utilise the excretory products 
as a means of protection from the attack of animals. 
The animals once they feel the unwholesome smell .will 
never turn their attention to such plants. 
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In conclusion, it should be remembered that the 
excretion is a product derived from the organism as a 
result of destructive metabolism generally. 

Secretion— 

The organism has to give out something either 
through some organs or tissues to carry out some function 
i.e., anything which is given out for the benefit *of the 
organism is secretion. Secretion differs from excretion 
in that, the former is beneficial whereas the latter Is 
nothing but waste product. 

The higher animals including man, have various 
secretory organs. Inside the mouth, whenever food is 
taken in, a juice comes out which is a secretion of the 
salivary glands. In the stomach, there arc glands which 
secrete gastric juice which helps digestion. The pancreas 
also secretes a juice for helping digestion. These juices 
either run directly or through definite passages to mix 
up with the food to help digestion. But there are some, 
secretions from glands which have no so-called passage. 
These organs are known as endocrine glands. The thyroid, 
thymus, suprarenal, pituitary, spleen arc examples of 
endocrine glands. The secretion from these organs simply 
mixes with the bipod-stream and performs some of the 
most important functions of the body. 

In conclusion, there are chemical agents called 
Enzymes which arc always associated with the secretion " 
which helps digestion. These enzymes do not themselves 
take part in the chemical reactions of the body. Thus 
there are fat-splitting enzymes-which make fatty food fit 
for digestion and absoiption.. , . .. .. 
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The plants also secrete through cells to help digestiota. 
There are some glands namely honey secreting glands, in 
flowers which help the plant in pollination. In the case 
of fern and moss, definite chemical substances are secreted 
by the archeglonium to bring about fertilisation. The 
cellulose wall of plant cells is a result of secretion of' 
protopasm. 

Storage of Reserve Material in Animals and Plants— 

The living organism shows a foresight as it were, for 
the storage of food for future use. The animals store 
up food in their tissues: if for any reason, the supply of 
food is stopped or hindered. The commonest form of 
storage in the higher animals is Glycogen which is stored 
,up in the liver for future use. The toad stores up 
glycogen in summer and leisurely uses them in winter. 
The other form of .storage is fat which is also kept in 
reserve in the subcutaneous tissue and mesentery. The 
snakes store up, a large amount of fat under the skin for 
use in their hibernating period. The fat bodies found 
within the toad are also storage products. 

Thus the form of glycogen and fat are the storage 
products in animals. Glycogen is similar to starch but 
more easily convertible into sugar. 

Plants store up food either in their underground stems 
e.g. Tuber, Corm, Bulb or in their roots e.g. Sweetpotato. 
The form of storage is a variety of starch, protein and 
fat. Plants store up food in their seeds, which may be 
-exalbuminous or albuminous, but human beings make use 
of such storage and turn them to their own use, thus 
robbing nature and making the plants less plentiful on 
the face of earth, The eggs of birds store up foocf in 
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the form of yolk and albumin, is an instance where 
stomge is found for the nourishment of. the would-be 
developing embryo in animals. 

Photosynthesis— 

The word is derived from Photos meaning “ light ’* 
and synthesis “to prepare.” Photosynthesis means the, 
preparation of organic food in the leaves with ^the help 
of chlorophyll and sunlight. The requisites for photo¬ 
synthesis. are sunlight, chlorophyll, carbon dioxide and 
water. Therefore photosynthesis can only take place in 
the chloroplastids which are always associated with green 
leaves. The carbon dioxide is supplied by the atmosphere 
and enters the leaves through the stomata. The water 
and inorganic substances come from the roots to the 
leaves. Therefore the leaf is the laboratory where 
organic substances are manufactured. The mcsophyll of 
the leaves is richly supplied with cells containing chloro¬ 
plastids and there is spongy parenchyma having plenty 
intercellular spaces. The CO 2 of air enters through 
stomata and combines with the water which fill up the 
spaces of the mesophyll. The CO3 readily combines with 
water forming an organic compound called formaldehyde 
and there is evolution of oxygen according to the 
equation:— 

CO2 “ 1 “ H2O — CHaO O2 

carbon dioxide Water Formaldehyde -f- Oxygen. 

The formaldehyde immediately forms a combination 
6 molecules and Sugar is formed according to the 
equation:— 

6 {CH 30 ) , =CbHj308 

Formaldehyde Sugar. 
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This sugar loses a molecule of water and forms starch 
which is known as assimilatory starch. . • 

- H,o = c„n,..o. 

Sugar Water' Starch 

Whenever active growth is taking place, the starch- 
i.s reconverted into sugar and supplies nourishment. Thd 
additional amount of sugar i.e. the amount that is nut 
necessary for immediate use is stored up ns starch and is 
known as Reserved Starch. 

The* chemical processes involved in tlie manufacture 
of the simple carbohydrates from the raw materials, 
carbon-dioxide and water, is a matter of great controversy. 
The process really consists of (1) a photochemical action, 
^hence light is nece.ssary; (2) a chemical action. 

In 1843, Liebig suggested that there were several 

intermediate stages. In 1801, Butlcrow gave a gooil 

hypothesis for the production of carbohydrates. 

% 

In .1870, Baeycr developed the observation into >i 
theory of photosynthesis. 

In 1018, Willslattcr and Stoll postulated the hypo¬ 
thesis which includes the production of formaldehyde. 
Experiment to show that Oxygen is given out during 
the process of Photosynthesis. 

Take a glass .beaker and place a number of the 
pondweed called Hydrilla in it with water. Cover the 
plants with an inverted funnel and take a test-tube after 
filling it with water. Close the mouth of the test-tube 
with thumb and place it on the funnel. Place the 
apparatus in bright sunlight. Bubbles are given pff 
P^iodically from the cut ends of the weeds and gradually 

4 
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the water of the test-tube is replaced by a gas.. Remove 
the Vest-tube and test the gas with a glowing splinter. 
The gas proves to be oxygen being a supporter of combus¬ 
tion. 



Section of gre&i leaf showing chloro]JaAU in Mesophyll. 


Normally, there is sufficient CO3 in water and during 
photosynthesis, this gas is 4iMd up and 03 is evolved. 

Cmitrol experiment. 

Set up anoUier similar apparatus but boil the water 
before putting the water in the beaker. Cool it and put 
the plants and arrange like the previous experiment. 
The water in the test-tube should also be boiled and 
cooled. Place the apparatus in sunlight but no bubbles 
arise because by previous boiling all the dissolved COj 
has been removed and so there is no evolution of oxygen 
as. in the absence of CO3, no organic matter is produced. 






PHOTOSTNTHBSIS 


4S 


Take a green leaf which was exposed to sunlight. 
"Wash it with warm alcohol to drive out chloioj)hyll. 
Then wash it with water and dip it in iodine solution. 
It turns blue lowing the presence of starch. This proves 
that starch is manufactured by green plants during 
photosynthesis. 



Kxperanent to Show ovola- 
tiim of oiygen doring 
photosynthesK 




If the leaf was partly covered during its exposure to 
sunlight then the covered parts will not turn blue when 
placed in Iodine solution showing that the exposed parts 
are only able to manufacture starch which turn blue. 
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Comparison between Respiration and 

Photos3rntheei& 

Respiration* Photosynthesis. 

Takes plooe in all liviog eelfs. 1.. Takes ]Jace in cells containing^ 

chlorophyll. 

£. Raw materials arc oxygen and £. Raw materials ore water and 
food-sfu ffa . carbon dioxide. 

S. Takes place day and night. S. Takes place in day-time. 

4. Energy-releasing process. 4. Energy absorbing process. 

Products are water and CO^. 5. Products are oxygen and food¬ 
stuffs. 

4. By this process, plant loses in 6. By this procesa, the plant 
weight.. gains in weight. 

7. It is a cataholk process. 7. It is an anabolic process. 
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STIMULUS AND RESPONSE IN PLANTS AND 

ANIMALS 

The living protoplasm either in the animnl or in the 
plant is capable of answering to any external change 
created in the form of stimulus. The protoplasm is said 
to respond to the stimulus. It is one of the characteristics 
of all living organisms. If the exlenuil conditions change 
also—the protoplasm is said to be sensitive. Thus in a 
dark room, a pot plant is placed and light is allowed to 
pass through a hole. The stem will try to move towards 
the source of light. The stem and leaves rc'spoiid to the 
stimiihis of light. If some algae be placed In water and 
at the hultun] of the vessel, a light is placed, the plant 
will move towards the light. 

The action of gravitation of the earth is manifested 
in the downward movement of the root. The* root is 
.Hcnsitive to the stimulus of gravitation and moves Low’ards 
the centre of the earth. 

The stems of plants often turn towanls the snn and 
this seiusitivciiesb is known as heliotropisni. The stem is 
called positively hcliotropic while the root w hich •tnoves 
away from the sun is known as negatively hcliotropic. 

The secretion of a chemical substance like Malic acid 
in ,tjie archegonium of fern apts as a stimulus and the 
antherosnids respond to it. 

The more pronounced cases in plants is the stimulus 
of touch in the Telegraph plant (Bonchandal) which* at 
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once dances and closes the leaflets as a result of suclr 
stunuiiis. In some plants, the leaves and flowers open 
with the rise of the sun, i^. they are capable of answering 
to the stimulus of light and in the evening the leaves and 
flowers close down. Some flowers like “ Krishnukali,” 
Tuberose (Rajanigandha) on the other hand, open only 
hr the evening. 

Some insectivorous plants like Droscra and Nepenthfis 
are capable of secreting ^bstances when insects touch 
their bodies. 

Sir J. C. Bose has shown by his re.«earchcs that the 
plants are capable of answering to stimuli and as ti matter 
of fact, he has invented a delicate needle by which ho 
injects stimulants and poisons into the tissues of the 
plant. He has recorded the effects of stimulants and has 
shown that the plant tissues can be stimulated like the 
animals. The effects of poisons had been a lowering of 
the life processes ultimately resulting in the death of the 
plant. 

Therefore plants can and do respond to stimuli. 

The animals show a variety of response to stimuli. 
The lowest animal like amoeba, sends oi^t its pseudopodia 
when it receives the stimulus of food-particle. 

f 

The Hydra,when it meets its prey sends out its wire 
from cnidoblast cells. 

The Leech can respond to stimuli and has got a 
rudimentary nervous system. 

The freshwater prawn has got a special balancing 
organ at the base of 1st antennulc. 

'^The higher animals can respond very well. If the 
1^-musple of toed be dissected out with its nerve and 
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a mild electric current is passed, it will respond by a 
series of movements which can be recorded. 

There are some bats (Chiroptera) which arc too 
sensitive to light. They can see only at night-fall and 
pass the daytime in hanging from trees like dead creatures. 

The human body is sensitive to heat, cold and electric 
shoek.s. Drugs that arc stimulants can stimulate animals 
whereas poisons can kill animals. 

Movements in Plants and Animals— 

The animals as already slated can move without any 
restriction but plant.s arc more or less restricted in Ihoiv 
movements. 

The .simplest amoeba can move by pscudopodia. 
The Hydra can swim. The leech has looping movement 
and can freely swim in water. The prawn can swim and 
jump in water. The insects which arc provided with 
wing.s arc capable of moving for miles. The fish can 
swim indefinitely in water. The toad can move on land 
as well as swim in water and from their habitat both 
in land and water, they arc called Amphibians. The 
mammals have their legs developed almost to a degree 
of perfection. The modern horse has got its limb 
8peciali.scd for movement. The birds generally are 
endowed with the highest form of movement for which 
•their forelimbs have been modified into wing.s. 

In the case of plants, movements are divi.sible into 
t two sections :— 

(a) Taxism and (&) Tropism. 

Tazisin means the movement of the whole organism.. 
Sometimes plants mainly unicellular move bodily either 
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away or towards the source of stimulus. When chemical 
agents act for such stimulus, they are called chemotaxis 
e.g., the movement of antherozoid towards the secreted 
malic acid of archegonium; Phototaxis, is the movement 
of the organism towards the source of light. All algae 
show phototaxis, these arc attracted by weak light but 
move away from strong light. There are certain move¬ 
ments which are known as Autonomic *.c., tjiey occur 
from within, such as the movement of young leaves and 
other growth movements. 

Tropism— 

Tropic movement means the movement of a part of 
the plant and is induced i.e. caused by some stimulus. 
The various tropic movements are:— 

(1) Heliotropism, (2) Geotropism, (3) Hydro¬ 
tropism and (4) Chemotvopism. > > 

4 

Heliotropism— 

The stems of plants move towards sunlight whereas 
the roots grow away from light. I’he fornicr is called 
positively heliotropic while the latter is called negatively 
heliotropic. 

Geotropism— ^ 

The movement of roots towards the gravitation of 
earth is called Geotropic movement. The root grows 
towards the earth and is called positively geotroptc. 
The stem grows away from the earth and is called 
negatively geotropic. If by any contrivance, the action 
of gravity is eliminated, the plants grow quite independent 
of this factor i.e., the root does not go down and the 
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stem does not go up. This can be manifested with the 
help of two instruments called Knight’s wheel .and 
Clinostut. 

Hydrotropism— 

This means the movement of parts of plants towards 
moisture or water. The root moves towards moisture 
and is called positively hydrotropic whereas the stem is 
negatively hydrotropic because it avoids moisture or 
water. 

C hemotropism— 

The movement due to chemical substances is known 
as chemotropism. The roots in such adverse situations 
like water-logged areas move towartls the air for oxygen. 
The movement of pollen-tube towards the ovule by means 
of sugary solution is another example. 

Nervous mechanism in Animals— 

The animals have a very well organised system 
called the nervous system. It consists of a central station 
called the Brain which gains in complexity of slmcture 
as the animals evolve from lower to higher status. The 
highest development is attained by man, whose seat of 
intelligence in the brain has far surpassed that of any 
other animal. The central nervous system includes the 
Brain and the Spinal Cord. There is another system 
called the Peripheral system which includes the afferent 
and efferent nerves. The afferent nerves carry messages 
of the outside world to the brain which orders through 
the efferent system. The nerves are thread-like structures 
which ramify all over the body. The nervous system Js 
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p^uliar in this respect th^it they have got the power of 
regeneration i.e., parts which arc cut off are capable of 
growing into new ones. The brain usually consists of 
two olfactory lobes, two cerebral hemispheres, two or 
four optic lobes, cerebellum and medulla oblongata. The 
piedulla oblongata is continued as the spinal cord. The 
spinal cord runs through a bony column called vertebral 
column and the brain is protected by a bony structure 
called the Cranium which contains it. 

The lower animals like the Prawn have also a 
nervous system consisting of Cerebral ganglia, thoracic 
ganglia and a double ventral nerve cord. The different 
portions of the body are supplied by branches from one 
or other of these ganglia. The leech has also a similar 
nervous system. The Hydra has some special cells called 
nerve cells but no such system. 

The animals by their nervous mechanism control the 
different organs ahd functions of the body. 



CHAPTER V 


CHEMICAL CO-ORDINATION 

There are various chemical actions in the boclj' of 
the animal or plant which arc kept in due order and 
which f?® by the name of chemical co-ordination. The 
chemical actions are in harmony i.e., one is controlled by 
the other and there is not much or loss of any activity. 
Thus there is a secretion in the mouth which is cnlloil 
saliva. In the stomach, there is the secretion of Gastric 
juice in which there is free hyilroehloric acid. The.sc 
secretions are never more or less in the healthy animal. 
The glands like Liver and Pancreas also seeretc chemical 
substances which help digestion. There are certain glands 
which also secrete and help the animal to diseharge 
it.s function. There arc certain substances produced !\s 
a result of various chemical activities of the body, .some 
of them are useful while others are mere waste products. 
Useful sub.stances which in any way help to perform the 
bodily functions are known as Secretions while the waste 
products are known as Excretions. The gastric juice of 
stomach is an example of secretion while urine is an 
example of excretion. 

• The body of the animal is always undergoing some 
decay. The first and foremost of this chemical process 
is respiration. During respiration, a part of protoplasm 
combines with oxygen and liberates energy for the animal. 
Such a process of oxidation is really a process of com¬ 
bustion. It may be compared with the supply of f’jel 
to the engine; the engine is the body and bodily 
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protoplasm is the fuel. The loss of protoplasm always 
corqipensaied by a fresh supply of nutrition from the 
blood stream. While respiration goes on in the tissues, 
certain waste products arc produced which are elimi¬ 
nated through different channels. The CO^ is the most 
largely produced gaseous substance which readily dissolves 
in the blood and is carried by the venous blood to tho 
lungs in the case of higher animals like the* mammals, 
reptiles, birds, toads etc. to be exchanged for the atmos¬ 
pheric oxygen which again finds its way into the tissues 
through arterial blood. The fish has a different method 
of exchange namely they pass the CO 2 and absorb oxygen 
through their gills and the current of water which has 
dissolved in it these gases, supplies them with the necessary 
amount of oxygen and the outgoing current takes away 
the COo. Accumulation of too much CX)^ is poisonous 
for the animal as is exemplified by the process of suffoca¬ 
tion felt when a large number of people arc confined in 
small ill ventilated rooms or by people when they lie 
down in perfectly closed rooms for a period. They might 
die on account of exces.s of CO 2 and absence of atmos¬ 
pheric oxygen. Thus animals produce their poisons 
which must be eliminated from their bodies. 

Chemical substances in the form of waste products 
might go out through the skin in the form of perspiration. 
The hibernating animals like the snake or toad can 
exchange oxygen for carbon dioxide through the skin. 
Respiration is the process which takes place in animals 
throughout their lives. Even in the foetus or in the 
embryonic condition while animals are still placed inside 
the mother, the exchange of gases tak^s place through' 
the blood-vessels of the placenta. A v^ry illumiaating 
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example is found inside the eggs of birds where the 
embryo develops. The eggs have si)aces witljin the 
shells filled with oxygen meant for the dcvelop'ing 
embryo. 

While the animals have constructive chemical secre¬ 
tions inside the various parts of the alimentary tube 
which make the food fit for ihe nourishment of the tissues. 
This is' known as Anabolism. Side by side, there is 
destructive process mainly in the form of respiration by 
which CO 2 is produced. The balance is kept up by l)ie 
supply of food. The extra amount of food is stored up 
in animals in the form of fat or glycogen in the Liver. 
Besides the above chemical processes, there arc other 
chemical reactions in the body namely the formation of 
urine by which water and dissolved waste producls in 
the form of urea and uric acid and sidts go away from 
the body. 

There are certain important chemical substances in 

the body which keep up the chemical balance. Those 

are called Vitamins. The vitamins arc necessary for the 

welfare of the body and are found in foodstuffs. • Adiil- 
• 

terated or decomposed food lose the^ vitamins and con¬ 
sumption of such substances is prejudicml to the body. 
The prevalence of Beri-bcri is due to the absence of 
vitamins in our food. Fresh fruits, fresh vegetables, fresh 
fish and fre.sh meat, all abound in vitamins. Besides the 
vitamins, there are certain chemical agents in the blood 
of animals called Hormones, which regulate the various 
chemical actions of the. body. These hormones also 
regulate the development and growth of animals. 

The food of antmalsy consists of starch, sugar, fat, 
protein etc. 'llieie:- Are. - chemical agents known as 
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Enzymes which help to split the above mentioned types 
(^f food and make them fit for digestion. These enzymes 
are* very peculiar in that they do not take part in the 
chemical reactions but only help in the process. These 
are found both in animals and plants. Plants have a 
further complicated type of chemical action. They tak e 
in raw food materials from the soil which come up to the 
leaf through the xylem vessels and then the chemical 
reactions take place by which the COa, confbines with 
water, in the presence of sunlight and chlorophyll. This 
chemical reaction liberates free oxygen and takes in CO 2 . 
In water-plants too, this process of photo-synthesis is not 
wanting and wc find the following chemical reaction 
taking place in the body of the plant:— 

COa + H^O-CHaO+Oa 

(Formaladehyde) 

6(01120) =CflH,206 

(Sugar) 

CoHiaOo— 

(Starch) 

As a result of photosynthesis, firstly formadehyde 
is produced which afterwards forms a compound called 
sugar. This sugar loses one molecule of water and forms 
starch. 

There is itnother process namely respiration which 
takes place in plants both day and night. This consumes 
a' considerable amount of plant protoplasm, su]^1ying- it 
with energy and liberating CO 2 . In water-plants, the CO 2 
is passed into the water. Plants al^ liberate various 
forms of cthcrial oils and odourous substances through 
their leaves, stetfis ahd flowers. They have no definite 
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system for the passage of excretory products which are 
generally stored up in the outer parts and with their fal! 
namely the fall of the Bark, the waste products are* got 
rid of. Thus' the living cells carry out the various 
chemical reactions of the body and their absorption, 
secretion and elimination depend upon the activity of. 
the protoplasm. These changes arc in harmony so that* 
all the reactions arc carried on in definite order and 
contribute to the duo discharge of the different functions 
of both the plant and the animal economy* 



CHAPTER VI. 


REPRODUCTION. 

Reproduction is a process by which new individuals 
are produced from already existing ones. The plants 
and animals reproduce in order to leave representatives 
in the World as all plants and animals after a period of 
growth must'die. There are various processes of repro¬ 
duction. A dog gives ri.se to a pup or pups, the method 
of producing a new pup is called reproduction. A plant 
ilpwcrs, the flowers develop into fruits and the fruits 
contain within them the seeds. The seeds on falling to 
the ground can give rise to a new plant. This is called 
reproduction. Principal methods of reproduction aiv 
asexual and sexual. The former takes place without the 
intervention of sex and the latter through sex. 

The plants have all the principal methods of 
reproduction:— 

Asexual method of reproduction is again sub-divided 
into, (o) Vegetative, (6) Asexual reproduction by spores. 
It occurs mostly in lower plants. 

Reproduction— 

Vegetative "'reproduction takes place by a separation 
of some vegetative part as by cutting, grafting, under¬ 
ground and creeping stems, adventitious buds etc. 
Vegetative structure means either root, stem or leaf. 
This method of reproduction is artificially used by agricul¬ 
turists in the propagation of plants. The commonest 
example of vegetative reproduction is by cutting, grafting; 
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or layering of plants. The stem of rose is cuf and added 
to a plant from which the up|)cr portion has been 
removed. The rose plant <levclops into another 
In the case of “ Jabn/' ‘‘ Sajina *' or Croton another plant 
is developed from a cutting of the parent pLuit. The 
ro.se also furnishes an example of layering, svhen u branch 
is bent and made to touch the soil, after a numl)er of 
days, the point so fixed produces roots and is cut off from 
the main plant to lead an iiulc]>cndent life. The roots 
of Fatal (Trichosanlhcs) can prtiduee other plants. 
Mango is generally cutivaled by cuttings and Krnftings. 
The lower plants like the yeast reproduce by luidding. 
The plant spirogyra vegetali\ely reproduces by soparaling 
a part of the filament. Mucor vegetntively reproduces in 
sugar solution by the production of oidium cells. 

Anexml reproduchon m<»st|y lakes place by the 
production of unu’cllular slrucluivs called spores witlnuil 
any sexual fusion. The Moss plant pnaluces spores 
inside the capsule, each simux* is capable of producing 
protonemn on which the moss plant arises as a bud. The 
Fern plant produces sjx>rcs on the under surface of it.- 
leaves. Each spore on germtualion can produce a 
Frothallus. 

Ill some Algjc naked cells railed Zoospores arv’ 
produccil which are meant for a.scxual reproduction. 

In Mucor. asexual .spores are produeetl Vilhiu 
'Gonidangium. 

Sexual Reproduction— 

This essentially consists in the production and union 
of two colls called Gametes. These Gametes arc somo- 
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times differentiated into male Gamete or Anthero7x>id 
and female Gamete op Osphere or Ovum. 

’ When the gametes arc similar the process of fusion 
is called conjugation and the cell produced after fusion 
is called Zygo.spore. When the gamete.s are dissimilar 
the result of union of Antherozoid with Oospherc is called 
Oospore. The process is called Fertilisation. There is 
a common term by which both the fusions can be denoted 
and that is Zygote. Zygote is the common nhme both 
foi* oospore and Zygo.spore. Fertilisation occurs in all 
higher plants, e.g.^ in the flowering plants like Mango, 
Rose, Banyan, Pea, Maize &c.. and in Fern, Moss. In 
the plants like Rose, Mango, etc., the male elements ara 
inside the stamen in the form of pollen grains which' 
germinate and produce gametes while the female element 
is contained within the ovule of the ovary. 

The process of conjugation is found in the Mucor 
and Spirogyra. 

Animals show the higher forms of reproduction and 
unlike plants sexual method is the universal method with 
the exception of cerain lower form of animals. 

The essence of every act of reproduction is the origin, 
by the fission from the body of an organism of a 
reproductive body which will develop a young, the like¬ 
ness of the parent. Sexual reproduction entails the union 
of the gametes whereas asexual reproduction is the 
production of a new individual without the union of the 
gametes. 

In Hydra asexual reproduction takes place by the 
development of a multicellular bud which separates and 
forms a new Hydra. Thus reproduction by budding takes 
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place in Hydra. Sexual reproduction also takes place in 
Hydra which essentially consists in the separation of two 
germs, viz., ova and spermatozoa. The former fe ’ the 
female clement while the latter is the male element. By 
their combination a new individual is produced. 

In the Amoeba, the asexual reproduction is. the 
general rule and takes place by binary fission or division 
into two new individuals without any sexual congress. 
The Monocystis shows sexual conjugation and asexual 
formation of sporozoites in its life-history. 

Tlie Leech is an animal whore male and female 
organs known as Testes and Ovary aie found in the 
same individual. Consequently the animal is called a 
Hermaphrodite animal. The Prawn is a specialised 
animal having the sexes separate i.e., unisexual but the 
peculiarity is that the openings of the sexual organs lie 
at the base of the third and fifth legs. 

The vertebrates including Fish, Toad, and G\iincapig 
have male and female animals separate. They have 
sexual Gonads which develop into Testes and Ovaries 
ultimately producing at maturity sperms and ova. These 
suitably unite and gradually form the young animal. As 
regards asexual reproduction, a solitary example can be 
citcil in the Lower Chordata called Ascidians. The 
.\sci«lians might reproduce asexually by buds. 

The Higher Invertebrates have asexual reproduction 
as in the insects where majority of animals are produced 
asexually in the form of workers. Sexual reproduction 
occurs but rarely. 

In conclusion, the merits of sexual reproduction are 
far higher than those of asexual reproduction. In sexual 
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reproduction the newly formed individual is more strong; 
and better adapted for the world whereas asexual repro- 
dtiction generally impairs the strength of the successive 
generations and makes them unfit for the world. Asexual 
Reproduction is a simple process and there is no specialised, 
tissue for it. Sexual Reproduction has many failures and 
it is rather a complicated process. Sexual Repi'oduction 
completely replaces Asexual Reproduction in the higher 
animals because the tissues become specialised and arc 
not able to produce new individuals from any and every 
part of the body. The puzzle of asexual reproduction lies 
in the case of ants, wasps and bees. The eggs of these 
social insects are unique in the animal kingdom, for they 
will develop equally well whether fertilised or not; they 
can be parthenogenetic but don’t need to be so 

Unfertilised eggs always turn into males, and fertilised 
eggs into females. Whether an egg is to be fertilised 
or not, is controlled by the Queen a.s she lays it. The 
Queen in the Bees, Wasps and Ants mate.s only once in 
her life-time during her “ nuptial flight.” The Queen 
stores up the sperms and controls its flow by a .sphincter 
muscle. If she desires > the muscle is relaxed and M'hib 
passing down the oviduct, the egg receives some sperms 
and one of them fertilises it and the individual becomes 
a female while the majority are males as they are 
unfertilised and jto fertilisation takes place in their case 
but they develop into males. 

Parthenogenesis— 

Some animals and plants develop gametes but the 
fusion does not take place. Generally the female gamete 
develops and behaves like the structure produced after 
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conjugation. Parthenogenesis is a degenerate process and 
occurs in lower organisms. In the Spirogyra the gamete 
may develop' partbcnogenetically and behaves like a 
Zygospore. In the higher plants Parthenogenesis is rare 
and it is said that the jack-fruit is sometimes produced 
parthenogenetically under the soil and by the odour the 
fruit is detected under the soil. 

The animals .show Parthenogenesis in such typos as 
the Ants. The individuals, namely the worker.^, are 
produced parthenogenetically. The nature of the gamete 
from which the pnrthcnogcnctic individual develops is an 
ovum. This occurs in various crustaceans (Prawn group) 
inserts and worms. The female in the Green fly or in 
the Liver fluke reproduces for several generations without 
the assi.stance of the male. In certain Rotifers and 
Wnterfloas fcrtilissilion has never been observed. Parthe¬ 
nogenesis is a double process since the gamete is sexual 
but there is no fertilisation or conjugation; therefore it is 
asexual. 

Alternation of Generations— j 

Some animals and plants show two distinct stages in 
their life-history. The asexual form is generally alternated 
with the sexual form. This alternation of asexual and 
sexual forn) is known as the phenomenon of “ Alternation 
of Generations.” The lower plants generally do not show 
any alteration of generations. In the Moss plant the 
plant itself is the gametophyte and the sporophyte 
develops as a sporogonium upon it. Here the sporophyte 
is dependent upon the gametophyte but nevertheless there , 
is alternation of the two generations i.e., between two 
gametophytes the sporophyte is introduced. The Fern 
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shows alternation of two generations, the plant itself is 
the sporophyte and the gamctophyte is in the form of 
Prothallus. Thus the two generations are independent of 
eaeh other. The asexual generation is the sporophyte 
producing spores whereas the sexual generation is the 
prothallus producing the gametes. In the higgler plants 
like Rose, Pea, and Maize, the plants represent the sporo¬ 
phyte stage while the gametophyte is much reduced and 
is found after the germination of the pollen grain or in 
the formation of embryo-sac within the ovule. The 
higher plants have a prominent sporophyte and an incon¬ 
spicuous gametoph3rtc. 

Thus alternation of generations is a constant feature 
of the higher plants i.e., the sporophyte alternates with 
the gametophyte. 

The animals do not generally show such allornatiun 
as almost all the higher animals arc sexual individuals. 
The exception is found in the Hydra and a related 
animal of the same group called Obelia. In Obclia the 
animal has an asexual form called the Polyp which 
produces two kinds of buds one gives rise to another 
polyp while the other form of bud is called the Medusa- 
bud which gives rise to free-living sexual individuals 
called Medusae. This Medusa produces sexes in the form 
of male and female gonads in separate individuals. Thus 
in obelia there is distinct alternation of asexual or polyp- 
form with the sexual or medusa form. 

In Monpeystis there are some authors who state 
that there is some sort of alternation of generations- 
Thh gametocyte represents the sexual and the sporozoite 
represents the asexual form. In the Malarial Parasite*. 
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the asexual and sexual forms have been correlated to be 
of the nature of alternation of generations. ^ 

Thus both in animals and plants there is the occur¬ 
rence of the phenomena of alternation of generations 
although it is more pronounced in the case of plants than 
in animals. 



CHAPTER Vn 


THE FORMATION OF THE EMBRYO IN THE 

FOWL 


It id known Ikat the ben lays eggs from time to time. There me 
two types of eggs and generally thoae of the market are ^unfertilised 
and some are fertilised. The ovum is discharged from the ovary and 
while the female gamete comes through the oviduct, it receives the 
coating of yolk and albumin. The fertilised hen’s egg is developed by 
the union of the ‘‘mature*^ egg (the egg*cell after attaining its fufl 
sise and forming its polar cells by unequal division) and the 
spermato 2 oon~i.e., one of the male gametes formed by the final equal 
<iivision and differentiation of a spcrm-mother-cell. Thest; sexual cells 
are called gametes and when the two opposite (male and female) 
gametes unite, they form a sygote. 

All the o>'a of the hen are produced from the left ovary. The 
right ovary and oviduct disappear early in life. "Good layers’* 
produce 100 eggs or more iu a season. 

1. Cleavage or segmentation of the 

Cleavage is the process hy which the zygote becomes divirled into 
ceUs.. The first few generations of ceils are called blastomeres* I'lie 
egg of a bird consists of cytoplasm distended very greatly by cmcetilric 
layers of white and yellow yolk, except for a small area where, the 
nucleus lies. This is seen as a w'hite disc when seen from above and 
if known as the "germinal disc." The "germinal disc" givea rise to 
the greater part of Hhe bird. The early cleavage begins in this 
when ibc egg moves down the oviduct and is completed by the time 
the egg is laid. Firstly, two furrows appear at right anf^es to each 
other. Four radial fissures then eppesr about midway between the 
former furrows. In ih» way, the surface of the disc is converted 
into a mosaic of small polygonal areas, bounded peripherally 1^ larger 
irregular divisions which form the germ-walL The cleavage of the 
ben’s egg is partial or meroblastie owing to the great mass of egg- 
yolk.^ The layer of the surface becomes double and the disc » then 
known as Abe UaBtoderm. At or about this time the* egg is lakL 
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The egg of a fowl is more or less oval, the yolk is of immense 
aise due to the deposit of a larger quantity of nutritive material and 
the germinal disc' is pushed to one side. The ovum is covered hy the 
Vitelline membrane. Then the white of egg or allumen surrounds the 
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large ovum. The white portion consists of a solution of proteins aad 
salts. Then the whole is covered by a double membrane. The two 
membranes enclose a space called the air-space for the respiratioo of 
the young embryo. Finally a shell encloses the whole structure. At 
the two ends of the egg twisted struclure^s are found called Cbalasae. 

Therefore the egg of the fowl consists from the outside of the 
lollowing structures: — 

(1) SheU. 

<g) Double membranes. 

, (S) Chalaaae. 

(4) Air-space. » 

(5) White of egg or Albumen. 

(8) Yolk. 

(7) Germinal disc. ^ 
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C. The first day : Formation of the Germinal layers— 

* 

When the egg is laid on the ground, further devdopment ceases, 
nntil it gets ih^ ncces^^y temperature either from the hen or it may 
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be hatched artificially with the help of an insiruinent ccdled the 
Ineubator* The blastoderm at the time of laying is a circular i>atrh 
about S*5 msa. in diameter* on the surface of the yolk. Owing to ils 
lower specific gravity Uie blastoderm remains uppermost however vlie 
tgg be rolled over. It has a marginal white rim edied the area opaca 
and a central circular translucent portion railed the area pellucida. 
The blastoderm is not uniform in structure and in section appears (o 
be of several layers. Among the blastodermic layers, there is formed 
a cavHy conUinmg a fluid catted the blaatoco^I. As the disc expands, 
the upper cdls are thinned out to form an outer germinal layer 

called the ectoderm or epiblast uid a lower germinal la.\’er called the 
endoderm or hypoblast. The cavity below the Kvpoblast is the 
Biib-geniiinal cavity and corresponds to the archenleron of the frog. 
After the beginning of incubation* the blastoderm spreads rapidly. On 
the dose of the 1st day, it is SO m.m. in diameter and on the close 
of second day it has spread half-way round the egg. Complete* 
endosure of the yolk does not ti^e place before the 17th day. 

The Primitive Streak and ori^ of the Hesoblast* 

An opaque band appears just after incubation in the 

posterior part of the pelluckl area which becomed elongated 

an) is known as the primitive streak. It grows backwards 
and the pdlucid area also elongates simultaneotisly. The primi-. 
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live streak while elooiRitm^ shows a fine tmns|)areut line 
running down ita centre. This is caused by a groo\e called I ho 
primitive groove. The primitive groove has a srihII pit in front. 
The primitive streak is a keel-IUce baiicl of proliferating cpiblast and 
the hypoblast does not take part in its formation. The cells lliut 
the primitive streak buds of! Iietweeii epiblast and liy])ohla.st '•$> n 
paired sheet of loose tissue. This tissue in the mesoderm or 
nesoblast and this germinal layer is formed by the primitive streak 
by budding of the epiblast. 

Fate of the Germinal layers^ 

The epiblast gives rise to the following organs and tissues of the 
chUrk: ~ 

(а) The epidermis and its api>eiidages (featliers etc.) ; the 
nervous system; the sensory epithelium of tlie peiise-orgaiiK; 
the iiuing of the month and of the cloaca. 

(б) The hypoblast gives rise to the epUhelium of the aliinciitnry 
canal and of the glands that spring from il. 

(e) The mesoblast gives rl«c to all the connective tissue, 
vascular, muscular and Skeletal Structures as well as to 
the urinary and reproductive organs. 

The Xotochord and medullary folds— 

An area develops in front of the primitive streak towanls liie 
end of the Ut day which is a forwant continuation of the priiultivo 
streak. Tins is called the head—process and ultimately forms ihe 
notochord or forerunner of the verCebral column. Bias toiler ni in 
front of the primitive streak at the 16th hr. of incubation shows 
that the epiblast is several cells tliiok and is called the neural or 
medullary plate. The neural plate folds to form the first trace of the 
.nervous system called tlic neural or medullary folds ; the centre or 
axis of the head-process possesses for the binder part of its length 
a rod of cells called the notochord. Tlie mesoblast .spreads out os a 
pair of wings. At the end of tbe first day. the embryo is all head 
having only the nervous system of tl^e head and (he* notochord. 

3* The Second day— 

On the second day, the head fold has the effect of folding oft Ihe 
anterior region of the embryo from tbe underlying yolk. The blood- 
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vessels develop on the stirfftce of the yolk and a circulation of 
bll^. within and without the embryo is established. Somites increaK 
in number on either side of the uer\*ous system and notochord. These 
somites give rise to voluntary muscles (except those of the head)» tiie 
axial skeleton of the bod,v and the dermis. By a horizontal slit in 
the lateral wings of the primitive streak, the raesoblast from which 
they are cut off becomes hollow. This cavity forms the coelome or 
body—carity of the future chick. The outer wall of the cavity forms 
the body wait of the chirk and is called the soniafop/sKj^, while the 
inner wall forms the gut or Splanchnopleure* 

4. The Third day— 

By the union of the head*fohh iatcraUfolds and taibfold, a 
structure is formed calle<i the amnion. This is one vi the foeiol 
membranes. On this day, the rudiments of the internal organs of 
the adult are ef.tablislied, From the hind^gut, there develops un the 
5rd day* a pouch like outgrowth called the allantois. The aMantuis is 
also a foetal membrane and is cast off at the time of hatching. It 
is highly vascular and the allantois acts as a respiratory organ of the 
embryo by absorbing oxygen from the air^hamber. 

The heart on the Srd day of incubation is like a S^shaped l(*op 
which ultimately forms the auricles an<l ventricles. 


1. Amnion, 
%. Yolknsac, 

3. Allantois, 

4. Chorion, 

5. Embryo. 


^5. The Fdorth dar— 

The egg albumen is restricted in area. The wings and legs 
appear. *Tbe kidney and ureter are developed. 
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6* The Fifth day-^ 

The embr.vo is strongly bent. The cartilaginous portions of tlie 
skeleton appear. : 



Embr.vo. 
Allantois, 
Head fold. 
Eye. 


7« The Sixth day— 

The characters of a bml up)>ear in Ihe \vings. feet, skull rnd 
alimentary canal. 

8. The Seventh day— 

The amnion and allantois show wnlraclile mo^elnenls. TUc head 
now grown less rapidly than the Ixnly. 

9. The Ninth day— 

Feathers appear through the skin. 

10. The Twentieth day— . 

The l>eak perforates the inner ^lidUn'iembrano lUid the c'hl<*k 
breathes air. Tlie lungs breathe air. 


11. The Twenty'‘first day— 

The cliick U Imtehed. 


CHAPTER VIII 


ORGANIC EVOLUTION. 

Formerly it was thought that God created everything 
as it is, but later on scientific observations led to the 

Theory of Evolution. 

The creation of animals and plants independently 
without a gradual development is known as the Theory 
of special creation. It is in fact the literal interiirota- 
tion of the story of creation as set forth in the first 
chapter of Genesis. The theory of special creation was 
supported by the Christian fathers, though an honour¬ 
able exception must be given to St. Augustine, who 
would have taught otherwise. The theory was fated to 
suffer a severe shock from the di.scoveries of fossils in the 
rocks. These fossils were evidently the remains of an 
older population and the puzzle was how to account for 
them. 

An explanation was suggested for these fossils by the 
great naturalist Cuvier who formulated the theory of 
catastrophism. 

S 

Theory of catastrophism— 

Cuvier (1769-1832) suggested that the world had 
been the scene of a series of vast local cataclysms by 
which tl^e plants and animals were exterminated but 
in certa(in cases preserved in the rocks. After each 
catastrophe the region was rcpopulated, not by a new 
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;act of creation, but by the migration of animals and 
' plants from surrounding areas which had not suffered. 

Evolution means the gradual development of cbm> 
plex highly organised animals or plants from simple 
pre-existing animals or plants. There are various 
evidences in support of the theory of evolution. 

1. Structural and Anatomical— 

The simplest animal Protozoa as Amceba gives place 
to Hydra with two body layers only. Then comes the 
next group of Annelida of which Leech has three body 
layers and gradually the highest complexity is reached in 
the mammals. The organs also show gradual evolution 
from simple to complex type. The paired organ.s like 
the forclimb.s of birds, toad and guincapig arc built on the 
same plan and hence they arc the modifications under¬ 
gone by the forefathers of those animals in course of 
time according to circumstances of life. The wing of 
pigeons is used in flight but is not functional in the 
Ncwzealand kiwi bird where only iji remnant of the 
wing.s is found. The evidence is that the same muscles 
that are active in pigeon and the same type of bones are 
found in both the animals. The teeth of guineapig arc 
necessary for the very existence of the animal but in the 
Whalebone Whale the teeth are only present in the 
fpetus and arc lost after birth. The conclusion is’that 
the whale had ancestors with functional teeth but which 
are lost in the course of evolution. 

By the study of comparative anatomy, it was realised 
that certain structures of the bodies of different d^nisuis 
showed a great similarity one to another and were indeed 
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homologous; that is, resembled each other in their 
architecture and corresponded to each other in their 
development. As an exarflple, let us take a series of 
foirelmibs of some backboned animals. The arm of a 
toad, the paddle of a turtle, the wing of a bird, the flapper 
of a whale, the wing of a bat or the arm of a man, though 
serving very different functions, arc all built in the same 
pattern. 

It is true that all arc adapted in particular ways to 
their various uses, but in essentials these forelimbs arc 
arranged on identical lines. Any interpretation of thes.'i 
facts is difficult other than the one that they arc due to 
relationship. Again, it is found that the number of 
vertebrae in the necks of mammals, is with two exceptions 
always seven; the long neck of the giraffe and practically 
the non-existent neck of the whale have exactly the same 
number of bones. Evolution explains thi.s fact but oii 
no other theory is it explicable. 

Vestigial structures—In the bodies of animals there 
are remains of structures which are now functionless wliich 
give a proof of the animals’ ancestries. The remains of the 
second and fourth digits in the limbs of the horse are 
examples of such vestigial structures; the tiny bones in 
the foody of the whale, representing the hindlimbs; in the 
baleen whales the teeth which never cut the gums. 

2 . Embryological— 

The study of embryology affords good evidence 
towards evolution. The development of an individual 
o^ajiism repeats in a very brief form, from the early 
sUge of fertilisation right up to the fully formed animal,. 
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a series of changes which had occurred during the 
development of the particular kind of animal through 
thousands of years. This development of race had many 
changes and modifications in life which is represented in 
a miniature form in the development of the embryo. 
This is known as the “ Theory of Recapitulation,” or_ 
“ Biogenetic Law.” The embryos of higher animals 
generally repeat the characters of lower animals in the 
foetal life. The development of a mammal shows Visceral 
arches and clefts comparable to the Branchial arches and 
clefts of the fish. 

Next, the characters of an Amphibian are seen und 
further development shows the nature of Reptilian 
characters. Finally the Mammalian characters appear. 

The development and metamorphosis of the Toad 
show the gills in the tadpole stage resembling the fish 
and strictly speaking the tadpole is more like a fish thrui 
a toad. It proves clearly that in evolution fish-like forms 
have given rise to the Amphibian stock. 

From embyological study, let us take the example 
of the heart. In the fish, this organ consists'of an 
auricle and a ventricle. The auricle receives impure 
blood and the ventricle drives it to the gills for puri¬ 
fication. In the amphibia, the auricles become divided 
into two while in the reptiles the ventricle is divided 
partially—except in the crocodile where the division i.s 
complete and the heart is four-chambered. In birds and 
mammals, the four-chambered heart with two auricles 
and ventricles is the rule. During development, the 
hearts of mammals and birds pass through the stages 
outlined above; there are the fish and amphibian heaft 
stages in every developing mammal. In the same way 

6 
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other organs of the body, such as the kidneys and the 
brain, demonstrate by their development their evolu¬ 
tionary history. 

3. Geographical— 

Animals and plants often are separated by wide 
oceans and mountains but nevertheless they originated 
from common ancestors so their similarities are often 
noticed although occurring in widely separated areas. 
The reason is that the surface of the earth had undergone 
changes and oceans have arisen where mountains stood! 
thousands of years ago or mountains and plains have 
arisen where once oceans stood in ages long gone by. 
The flora and fauna of south Africa have similarities with 
that of India. Japan has similar flora and fauna 
with that of Europe. Besides the similarities another 
question has to be met. There are some forms that are 
peculiar to a land and generally do not occur anywhere 
else. These are known as endemic forms. The Australian 
Anteatcr or the Kangaroo is an example of endemic fauna. 
In China there occur a Gymnospermic plant which is 
endemic to that country. The explanation is perhaps 
that the land is very primitive in its history of the world 
and has been cut ofl from other parts of the world for 
a very long time so that its distribution is restricted to 
that particular area of land. 

Let us discuss the geographical evidence which im¬ 
pressed Darwin so much. During Darwin’s voyage ih 
the.Beagle (1^1-1836) Galapagos, a chain of islands 
soipe 600 miles west of &uth America, were visited. He 
collected as many, animals and plants as could be collected 
and on classification found that each of the islands, had 
it9 peculiar animal population. The species of one islantl 
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though distinctive were similar to those of another and 
the general fauna of all the islands resembled that of'the 
adjoining mainland. The explanation was that the 
species on the islands and on the mainland W'cre blood 
relations claiming their descent from a common ancestor. 
Thus Darwin’s attention was drawn to the question of 
the origin of species. 

It is probable that at an cnrlier period in the earth’s 
history these islands were joined together to form one 
large land mass which was itself once connected with the 
West Indies and Central America. 

There was then presumably a much smaller number 
of species than to-day and they were distributed over 
the entire region. After separation from the American 
continent the species became isolated through the brealc- 
ing up of this landmass into smaller islands. Subsequently 
these solitary groups of animals became differentiated 
into the several forms now characteristic of the various 
islands, showing descent from a common ancestor with 
eventual specialization. Australia affords another example. 
There was one time in the earth’s history when only 
the marsupials or pouched mammals were found. Later 
on Australia was separated by oceanic waters from the 
continent of Asia. No aggressive mammal could come to 
Australia due to the barrier of water and thus the 
marsupials flourished and are living uplo this day. 

*4. Palaeontological— 


Plants and animals are preserved in the la^’ers of the 
earth either as impressions or as calcified lumps. These 
are known as fossils. The Earth has differi<^t layers 
called strata. These strata have been formed by deposi¬ 


tion through thousands of years. The age of the Earth 
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is broadly divided into three periods, viz.. Paleozoic,. 
MeSoioic and Tertiary corresponding to very early, middle- 
and modern ages. Any fossil found in these strata can 
be approximately identified to that particular age. From 
the study of the fossils variations are seen which are 
co-related with the present forms and related types are 
known to be ancestors of the present forms. The present 
horse had various types of ancestors and gradually tho 
present form has appeared. The mammals and other 
vertebrates are preserved as fossils more easily ns they 
have bony skeleton but the invertebrates are less availaljlo 
as fossils except some which had hard external coverings. 
on account of their soft bodily structures which are 
unsuitable for preservation. 

5 . Elxperimental— 

New forms of animals arise from original simple 
types. The rock pigeon or the wild pigeon has given 
rise to the thousand and one types now available as. 
fantail pigeons, pouters, Jacobins etc. 

6. Serological test— 

Freiidcnthal and Nuttal carried out blood tests to 
show the kinship of the various species of back-boned 
animals. They found out that the blood of a rabbit 
when introduce^ into the blood stream of a near relative 
such as a hare, the two kinds of blood mixed freely 
together. If the rabbit’s blood was introduced into an 
animal not so closely related as for example a dog, a 
definite antagonism was produced, causing the destruc¬ 
tion of the red blood corpuscles (haemolysis). Such 
tests can bring out the relationship between two animals 
gp^ally dirir nearnesa^ 
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History of the theories of evolution— 

The conception of organic evolution really began in 
the nineteenth century through the work of Charles 
Darwin. But the theory was foreshadowed long before 
the publication of the “origin of species.” 

Early Greek theories—It is interesting to note the 
views of ancient Greeks regarding evolution. Five 
centuries before the Christian era we find Anaximander 
<Iealiug with the problem. Empedocles (495-436 B.C.) 
taught not only the relationship between the different 
species of animals or plants but said that nature was 
continually trying new types, some better fitted to environ¬ 
ment wherca.s less fitted types were ultimately dead thus 
foreshadowing the theory of the survival of the fittest. 

Heraclitus and Democritus believed - that all things 
w’ore in a .state of continual change. Aristotle .was the 
founder of the genuine scientific method and father of 
natural history. He believed in a gradation from the 
lowest organisms to the highest and that man was the 
highest point of one long and continuous ascent. 

The fact remains, however, that not until the coming 
’ of such men as Linnseus, Buffon, Erasmus Darwin, 
Lamarck and Charles Darwin was real progress once 
more made and from then onwards the advance never 
ceased. 

9 

Linnaeus—This great Swedish naturalist ^ was Ijorn 
-in 1707. Lipnaeus was sent to a good school.but his 
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BIOLOGY 

GENERAL INTRODUCTION 

Biology consists of the study of Botany and 

.'Zoology. Botany deals with the study of plants and 

« 

Zoology with the study of animals. Biology may he 
shortly described as the Science of Life. Plants are 
plentiful and varied in nature so also are the animals. 
^It is one of the basic Sciences which makes human 
knowledge approach perfection. There are various 
aspects from which the study of life can be approached. 

4 . 

Important branches of Botany and Zoology— 

The study of outward form is known as Morphology. 
Morphology is again divided into External Morphology 
and Internal Morphol<^. Examples wiD clear 'the 
idea:—The colour of a flower, the nature of the leaves, 
the presence of hairs on the body of a plant or animal 
are all characters of external morphology. Hie internal 
•structure of plants or animals is mtemal morphology. 
The study of mtemal morphology with the unaided eye 
is called Anatomy. The study of internal, morphology 
with the Compound Mieroscope is Hlstololry. Tb6 

• * • V 

study of biology requires a qteciikl in^niment known, as 
the Compound Microneoiie. Microscopes • magnify 
simple and small objects m ordet that these sm^ thjn^ 
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progress was unsatisfactory and he spent all his time in 
collecting natural history specimens. Linnsus is best 
known for his classification of animals and plants; he was 
a firm believer in the origin of species by “ special creation,** 
though he admitted the production of “ post creation *’ 
forms by hybridization. 

Biiffon—He was also born in 1707. As an investiga¬ 
tor, Buffon does not rank high for he left few original 
contributions to science; his mind was philosophically 
rather than scientifically inclined. He was a firm believer 
in the process of evolution. 

To Buffon environment was all important as modify¬ 
ing the structure of animals and plants and he believed 
the modificatians so produced were inherited. 

Erasmus Darwin (1731-1802)—This country physi¬ 
cian and naturalist, the grandfather of Charles Darwin 
was the greatest of Lamarck*s predeces.sors. In 1794, he 
published a book, '* Zoonomia *’ in which he staled ten 
principles regarding the course of evolution. E. Darwin’s 
views are similar to Lamarck. 

Lamarck (1744-1829)—His influence on the theory 
of evolution is second only to that of Charles Darwin, 
indeed by some modem biologists hi.s theories are 
accepted, while those of Darwin are discredited. Lamarck 
was intended for the church but be disliked it and Anally 
joined the army. Later on, being unfit for military life 
he took up medicine but changed to botany, to which 
stndy he remained attached until 1794, when he was 
fifty years,of age. He changed from botany and took 
charge of 4he department of invertebrates. This .change 
ha^ a profound influence in shaping bis ideas. 
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Lamarck’s Theory— 

Ijamarck published his theory in 1809. His views 
are :— 

(1) Use and disuse of parts. 

He says that organs or parts of the body that are 
mostly used are preserved and develop while those parts 
that are in disuse undergo decay and finally arc lost. 
Secondly, the changes on account of use and disuse are 
transmitted to the offspring as a character. In the plants 
environment plays a very important part for the fixing of 
a new character. 

The giraffe has a long neck and the forclimbs arc 
much longer than the hindlimbs. The giraffe lives in 
a part of Africa which has less vegetation and conse¬ 
quently the animal has to live uj)on the leaves of trees 
which it cannot reach unles.s the neck is long and the 
forelimbs are suitably so. The constant care for such 
endeavour has resulted in the long neck. The forefather 
of the snake had stout body and two pairs of long 
limbs. The subsequent life in this wc«rld necessitated 
longer body and disuse of limbs which ha'vc been 
gradually lost in the modem snake. The new characters 
which have appeared pass from generation to generation 
according to this theory. But this theory is not accepted 
by many Biologists. 

His theory was that modifications, that is variations, 
in the structure of plants and animals were due to some 
force exercised during their life. In the case of plants, 
environment was the chief agent; thus soil conditions, 
altitude, moisture, heat and light were important factors 
inducing variations which were inherited. Th^ shap(^ of 
irregular flowers was supposed to have been caused by 
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the strains induced by the visits of bees and other 
insects during their search for honey. 

In the case of animals Lamarck regarded the environ¬ 
ment as undoubtedly playing a part but considered that 
the most fruitful cause of variation arose from the effect 
of use and disuse. 

During the last fifty years, the theory of Lamarck 
that useful characters when developed are transmitted 
by inheritance is controverted and denied. 

Darwin’s Theory— 


In 1858, Charles Dan^dn simultaneously with Wallace 
gave an explanation of evolution as well as of Natural 
selection. Darwin is regarded as the father of evolution. 
He brought experimental data as proof of evolution. 
Previously people believed that God created everything 
all at once as stated before. Darwin’s theory had many 
setbacks as there was a time when people burnt down 
places where Dar>vin’s Theory was advocated, but truth 
conquers all difficulties, and modern scientist appreciates 
and believes in the theory of evolution. Darwin’s theory 
had undergone many changes but still the basis remains 
and the science of Biology has a permanent debt to this 
genius of evolutionary theorj’. Two main points of 
Darwin’s theory are :— 


‘ (1) Struggle for existence and (S) Variation. 
Darwin’s theory of natural selection advocated that 
animals increase in great, numbers in this world but there 
is not sufficient, space for all of them; so those who are 
more fit ^ill survive and those unfit will die away from 
the face*of the earth. This is known as struck for 
effstence. 
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If a plot of garden land is allowed to run to waste 
i.e., if weeds are allowed to appear, then gradually the 
weeds will cover the whole surface and the garden plants 
will die out. The explanation is that the weeds are 
more fit to fight for their existence in the world than the 
garden plants. 

Another factor of Darwin's Theory is that Variations 
or slight changes gradually appear in the organism but 
it does not admit that the variations arc passed from 
generation to generation. 

Among animals a severe struggle for existence is 
always going on. Large numbers of ova are produced 
in the lower animals. Some arc eaten up by other 
anin^als, others do not get a favourable place and only 
a few can develop into maturity. Among higher animals 
the fight is seen between carnivorous animals and their 
prey in which the latter develop their power of flight, 
alertness'etc., to protect themselves. 

As an example of variation Darwin took much 
interest in the pigeons. The various types of pigeons 
are descended from a common stalk the wild blue rock 
pigeon. Man tends animals which->attract his fancies. 

The variation which appeals to him becomes more 
numerous by his care. The various domesticated animals 
like dogs, goats, sheep etc. have all originated by such 
variations. > ' 

tJfe of Darwin— 

He was born at Shrewsbury on February 12, 1809. 
The Darwin family is an example of inheritance of mental 
capabilities. Charles Darwin was the grandson of 
Erasmus Darwin,, the author of the famous book 
Zoonomiahis father was a physician. Sir Francis 
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Gallon, the founder of the Science of Eugenics, was. 
Darwin's cousin. Darwin’s sons have attained eminence 
in the scientific world. 

Darwin’s early years gave no indication of his 
extreme intellectual ability. He went to study medicine 
but left the course to study theology prior to entering 
the church. He took a degree but he devoted the major 
part of his time in natural history pursuits. The turning 
point of his life came when he was appointed naturalist 
on the “ Beagle ” which was going on a surveying 
expedition under the command of Captain Fitz-Roy. 
The voyage lasted from 1881-1836 and Darwin collected 
much valuable material. He was greatly hamp<‘red for 
nearly forty years with a constant illness. For nearly 
twenty years Darwin collected evidence regfiirding the 
Origin of Species. In 1858, he published his first paper 
under Unusual circumstances. In that year Darwin 
received from Alfred Russell Wallace, a letter asking him 
to read and criticize the theory Wallace had come to 
concerning the origin of species. To Darwin’s surprise he 
found that the theory was entirely identical with his own 
and he was practically fixed in his mind to withdraw all 
claim and to publish Wallace’s essay. Happily however 
due to Hooker and Lyell, a joint paper in the names of 
Darwin and Wallace was read before the Linneean Society 
in Lohdon in 1858. In the following year, “ The origin 
of species ” was published. It is curious that the same 
book, Malthus’s essay “ On Population ” gave to both of 
Uiem the idea of Natural Selection. 

There' are three fundamental principles underlying 
Darwin’s^tbeory, variation, heredity and natural selection,, 
the last being the central point of the whoje idea. 



NATURAL SELECTION 


83 


Variation— 

The members of a family are not all alike at birth. 
While collecting animals and plants one notices the varia¬ 
tion between members of the same species. The varia¬ 
tions are always found and Darwin frankly admitted his 
inability to explain how they arose. 

Heredity— 

It is found that variations found in animals and 
plants pass from one generation to the next. Darwin 
himself believed such characters might be inherited; a 
view not widely held to-day; but the ultimate solution 
of the problem will not materially alter the Darwinian 
theory. 

Natural selection— 

In the case of gardeners or poultry farmers, the 
breeder keeps the forms which he desires and destroys the 
rest. This is artificial selection. The selection of species 
by nature is natural selection. 

'Fhe numbers of individuals composing any^‘species 
of animal or plant are constant but the rate of increase 
is often veiy great. Prof. Punnett calculated that in 
the case of a Rotifer which is barely visible to the unaided 
eye, if after sixty-seven generations produced in a year 
all the Rotifers could be saved, then they would*have 
formed a sphere greater than the earth. Darwin calcu¬ 
lated and assumed that the elephant first breeds at 30 
years^ and lives upto 100 years and has six young in the 
interyal period then after 740-750 years, if all the animals 
survived there would be about 19,000.000 dlephni^ts 
descended from the original pair. 
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It is evident therefore that in Nature there must 
be ^me factor keeping down numbers. Since the space 
and food-supply available for-all animals and plants are 
limited, it follows that there must be a proportion of 
them, that are killed before reaching maturity. There 
is, in fact, a struggle for existence. It occurs between 
organisms of the same species; between friends and foes, 
and between living creatures and their environments with 
the inevitable result that the numbers are reduced and 
increase in population is checked. Natural selection is 
a passive agent, it cannot create, it can only destroy or 
preserve. It is the inevitable otitcome of the interaction 
of variation and the struggle for existence by which the 
fittest survive. 

The effect of Natural Selection as an evolutionary 
process, as Lull summarizes it, is: 

(o) Under new conditions harmful characters will 
be eliminated by selection, 

(6) Beneficial characters are intensified and modi¬ 
fied. 

(c) The great body of characters neither harmful 
nor beneficial will not be modified, but will 
persist through heredity. 

Examples of Natural Selection :— 

(1) The sharp eyes of the hawk have arisen by 
Natural Selection eliminating hawks bom with 
weak or defective vision. 

(2) • In August 1909, a heavy snowstorm destroyed 
<' some trees in Johannesburg but the Deodars 

from the Himalayas survived. 
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De Vries’ theory— 

This theory advocates that new species arise by 
“ mutation ” or “ saltation.” Mutation means the appear¬ 
ance of a new type at once without accumulation of 
small distinctive changes. It is a jump and says that 
beneficial characters ai^ transmitted to future genera- , 
tions while harmful characters are eliminated. The 
author of this theory carried out various experiments 
with plants. Although natural selection has a very 
prominent part in the fixing of the mutation but that 
is not openly admitted. The loss of limbs of snake can 
be explained by this theory as a lo.ss at once and the 
character is transmitted to modern types of snakes. 
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BOTANY 

Divisions of the plant kingdom— 

Plants are found everywhere on the face of the earth. 
The mountain peak or the depth of the ocean has its 
peculiar flora. The variety'of plants may not be known 
to the general reader but onee the pages of botany arc 
turned, the richness of variety comes to one’s mind. 

The plant kingdom has been grouped into the 
following main divisions: 

The first and lowest division is Thallophyta or 
Thallophytes. It includes simplest forms of plant life 
having a body which either consists of a single cell or 


celiwifl 



Spirog^a 


many-celled in structure. Such a body is not differen¬ 
tiated ii^to organs such as root, stem and leaves. This 
t;3^ of plant-body is called a Thalliis. Some of the 
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thallophytes possess chlorophyll and therefore green In 

4 

colour while others lack this pigment. The former forpis 
a definite group called the algae and the latter fungi. 
Examples of algae arc pond scum such as Spirogyra and 
many seaweeds found in oceans and seas. 

Toadstools, Yeast, Breadmould are familiar 
examples of fungi. In many seaweed.s, the thalloid body' 
is often differentiated into root-like, stem-like and leaf-like 
organs. 
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In the second division of the plant kingdom, the 
Bryophyta or bryophytes, one notices a progressive 
differentiation of the \egetative body from thallose to 
foliose form with forms having distinct development of 
the shoot system, true roots being entirely absent from 
this group. Common examples of bryophytei are 
‘Liverworts an<l Mosses which are found plentifully on 
rocks in temperate regions and on walls, grounds, on 
roofs and on barks of trees, specially in the rainy season. 

The pteridophyta or pteridophytes comprise the 
third great division of the plant kingdom. They differ 
from the other two divisions in that they hwe Uifeir 
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vegetative bodies differentiated into roots, stems, leave* 
and a well developed conducting system. They also 
differ from the next higheT group, the spermatophytes- 



Moss 


or spermatophyta by the fact that they do not produce 
seeds. Ferns, Horsetails, Clubmosses which are so 
abundant on hills and in the tropical forests are familiar 
examples. 

Other important distinguishing features of Thalloph^-ta are: — 
0) Sex-organa mostly one-edted, 

(i) Sporangia always one-celled, 

(S) The lygote nerve devdops into a multioellular embryo' 
arbSe still within the female sex-organs. 

In the fourth and the highest division of the plant 
kingdom., the ^rmatophyta or spermatophytes one 
notices complete differentiation of the plantbody into the 



vegetative organs such as tooU, stems and leaves like 
the pteridophytes and they also possess a well developed 
conducting system. But the most important feature 
which distinguishes it from other groups is the production 
of seeds. The term spermatophytes means seed-bearing 
plants. The two sub-divisions of the spermatophytes are 
Gymnosperms and Angiosperms. In the former the 
seeds are naked i.e., not enclosed in a fruit but in the 
latter the seeds are enclosed within the fruits hence these 
are close-seeded plants. Familiar examples of gymnos- 
perms are Pines, Cyca<]s, Cedars etc. The angiosperms 
arc further sub-divided into two groups, the Monocoty¬ 
ledons and the Dicotyledons. The monocotyledons are 
represented by plants like Bamboo, Rice, IVIaizc and other 
cereals, Orchids, Bananas, Grasses etc. The Dicotyledons 
include plants like Gram, Pea Bean etc. The es.scntial 
differences between the; last tWo groups will be <llseus;scil 
in subsequent chapters. Table of the divisions of the 
plant kingdom. 
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not produce seeds but produce nnicelhilar stmclui'es 
•called the spores. The spennatophyta produce see^ds. 
The old definition and divisioDs of the plant kingdom 
into Phanerogams and Cryptogams have been partly 
modified. The phanerogams were defined to be flowering 
and the cryptogams non-flowering plants but recently it 
bas been discarded. ' 
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SEEDS 

General structure— 

Every seed contains within it, a rudimentary plant 
called the Embryo with an abundant supply of reserve 
food; the babyplant of the embryo is in a slate of 
dormancy. Dormancy means the cessation of vital 
activities but alive. Wc have already seen that in a 
rudimentary plant, all the vegetative organs are 
represented. The leaves of the embr>-o arc called the 
cotyledons or seed-leaves. According to the number of 
cotyledons, Seeds are broadly divided into two main types 
e.g. Monocotyledons and Dicotyledons. Pea. Gram, Bean. 
Gourd, Castor oil seed. Mango, Tamarind and Pulses in 
general arc examples of Dicotyledonous seeds while Maizi', 
Paddy, Oat, Barley and other cereals, Bamboo. Grasses. 
Cocoanut etc. are monocotyledonous seeds. For the sake of 
convenience, the two main types arc discussed separately. 
Dicotyledonous Seeds— 

For tlie purpose y>f examination of seeds, these should he thorouRhly 
soaked in water for proper study. In describing a smi, the ^hape. 
colour of the testa, markings on the seedcoat or any Other peculiarity 
may be noted down. 

Every seed consists of a covering called the Seedcoat 
which encloses inside a fleshy substance called Kernel. 
The seedcoat is often differentiated into an outer covering 
called which is thick, hard and resistive- 



■ rand an inner one call^ Tegmcn. This Tegmen M’hen 
present is thin and delicate and is cither adprcssed 
to the inner side of the testa or to the kernel. Some¬ 
where on the testa, there is more or less, a prominent 
scar called the Hilum, which represents the place where 
the seed broke from the stalk (faniculus) by which it 
was attached to the wall of the fruit. Near about the 
hilum, there is a minute opening called the Micropyle 
through which in many cases water oozes out when a 
soaked seed Is gently pressed. On removal of the 
seedenats, the entire structure thus exposed is the 
Kerne L In case of Pea, Gram, Bean. Tamarind. Gourd 
and similar other seeds, when this kernel is gently 
pressed, it separates into two thick bodies culled the 
co tyledon^ or soedleaves, which are attached laterally 
to a very short axis like a hinge. The region of attach¬ 
ment is called the Nodal zon e. That end of the axis 
which is directed outward is known as the Radicle or 
future root w’lyle the opposite end which is placed in 
between the two cotyledons is the Plumule or future 
shoot. Thus all the organs of vegetation such as root, 
shoot and leaves are represented in the embryonic 
condition inside the seed to form the embryo or 
rudimentary plant. The cotyledons arc fleshy oying to 
the <leposition of food in them. ^Jfhen there is such a 
storage of food inside the cotyledons s o that the *kem el 
is equai to embryo, the seed is said to be Exalbumitioiis 
orNon-enHospermic as there is no separate existence of 
food, (albumin or endosperm) outside the body of the 
embryo. 

But in the case of castor oil seed, it will b>t noti«jed • 
that food in the form of a separate foodbody (encHisperm) 
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is present outside the body of the embryo so that the- 
kernel is equal to embryo plus endosperm. This type 
of seed is caHed Albominoiis or Endospermic. 

In Dicotyledonous seeds, the plumule is always the 
^•erminal member and the cotyledons are lateral members. 
The axis of the embryo has two more differentiated parts 
namely hypocotyl and epieotyl. The region which lies 
between the radicle and the nodal zone is the hypocotyl 
while that between the plumule and the nodal zone is 
epieotyl. 


Brief description of a few seeds— 

1. Pea {Dicotyledonous, exalbnmivovH )—Externallv 
it is more or less rounded. Testa is present, and is 
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semitranspiarent and resistive; testa showing micropylc 
apd hil^m which lie side by side; kernel is equal to 
embryo' having two thick, fleshy cotyledons hinged 
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laterally to a short axis showing plumule and radicle at 
the extremities. < 


SimeturB of Pea seed: 

Pea seed 
(Dicotyledonous, 
ex-nlbuDi incus) 


Seedcoat^Tes^a showing 


Axis 


—A' emd ^Em hryo 


j Micropylc 
illilum 


I* Plumule 
(Radicle 


Castor oil seed— 


Cotyledons 
(two, fleshy, lateral) 


Externally the seed is oblong in shape and consists 
of two seed-coats surrounding a massive kerncL The 
outer coat, testa is thick, hard, brittle and resistive with 
peculiar sculpturings on its dark, polished surface* At 



Castor oil seed 
C = Cotyledon 


one end of the testa, micropyle and hilum present 
no doubt but are usually hidden by a spong^ swelling 
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calkd the caruncle which is an outgrowth of the seed- 
coat- near the hilum. On removal of the. testa, the thin 
white papery tegmen is found to be closely enveloping 
the kernel. This kernel when carefully divid^W' length¬ 
wise (may be best done in boiled seeds) sepafates into 
two fleshy symmetrical halves which enclose an embryo. 
These two bodies together constitute the ^Endosperm, 
which completely surround the embryo. Tbe embryo 
as usual consists of two lateral cotyledons and an axis 
showing plumule and radicle at the cxtrimitics. The 
cotyle<lons, in this case, are thin anti leaf-h1ce and show 
venation because food has not been incorporated into 
them. The surface of the endosperm which lies in 
contact with the cotyledons, receives an imprevssion of 
the veins of the cotyledons which is evident on removing 
the embryo. 


Structure of CtutoroU Setd: 


—Seedcoat^— 


Catioroil %eed 

(Dicotyledonous, 

albuminous) ! 

p 

I—Kernels 




Outer= Testa showing hilum 
and micropyle covei^ by the 
caruncle. 


InnertrzT^men (adp re as ed to the 
Kemd) 


(Foodbody 

=£i]dos^nn contamiAg the 
embryo inside. 


Plumule, 

Badicle. 


Embryo 


Cotyledons 
(Two, thin, lea/y, 
lateral .dbondng veins) 
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' Monocotyledonous seeds— 

• 

Like the dicotyledons, the monocotyledoiious seeds 
may be albuminous and cxalbuminous but the former 
are more numerous and common than the latter. 
Examples of albuminous monocotyledonons seeds arq 
Maize, Paddy, Barley, Wheat, Oat and other cereals, 
cccoanut, datepalm, grasses etc. W’hilc seeds of onion. 
Vallisneria etc. are cxalbuminous in nature. Only the 
structure of the albuminous type will be discussed below. 


The so-callcd albuminous seeds cereals and grasses 
arc really fruits, each containing it a tightly 

fitting seed inside. The wall of the seed (scedcoat) and 
the wall of th»? fruit (pericarp) are inseparably fused 
together to form a common covering which when removed 
exposes the kernel directly. Therefore the seed has got 
no separate existence from the fruit. The main bulk of 
the kernel in most cases, constitutes the endosperm 
commonly known as cereal grain in case of all cereals. 
Either at one side or at one comer of this endosperm, 
lies a minute embryo, the structure of which Will be 
discussed in detail in the type described below. The 
cotyledon of grasses is very peculiar. It is known as the 
scutellum. It is shield-shaped and partially encloses 
the axis of the embryo ami separating it from the adjoin¬ 
ing endosperm. The back portion of the cotyledon 
which directly lies in contact w’ith the endosperm is 
modified in such a way that it absorbs food* from the 
endosperm with the help of enzymes secreted IV it fpr 
the developing embryo when the necessity arisesX" 
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D^cription of an albuminous Monocotyledonou& 
seed. Maize— 

Each grain which is actually a fruit is more or less 
oblong in shape and flattened at both sides containing 
a tightly fitting seed inside at maturity. During develop¬ 
ment of the seed within the fruit, the seed consists of 
two coats but the outer one soon disappears and the 
inner one becomes firmly fused with the fruit wall or 
pericarp apparently forming a common wall. There is 
a deltoid area on one of the flattened sides of the grain 
which indicates the position of the embryo which may 
be seen through the semitransparent common wall. X 
longitudinal sectioi^ of the fruit through the embryo- 


shows the embryo embedded in a mass of endosperm 
together forming the kernel. The outermost part of the 
endosperm consists of a single layer of cells, the aleurone 
layer conUining abundant aleurone grains, the remaining 
portion of it is well-differentiated into two distinct regions, 
an out^ homy endosperm and inner starchy endosperm, 
the former containing more proteins than starch. 





SEEDS 


99- 


(Between the common wall and the endosperm, another 
tissue, the perisperm may sometimes be present in some 
seeds which is the remnant of the nucellar tissue). The 
embryo consists of a single cotyledon, the scutcllum 
which surrounds a very short axis. The cotyledon is a 
broad and fiat absorbing organ lying in contact with thp 
endosperm. The axis consists of plumule and very short 
hypocotyl and a radicle. The plumule has a growing 
stem-tip with a few rudimentary foliage leaves and is 
completely covered by a Icaf-shcath called coleoptile. 
Similarly the radicle is also surrounded by a sheath called 
the root-sheath or coleorhiza. 

In general, it may be stated that the maize grain is 
a typical monocotyledonous type containing endosperm. 

Structure of Maize grain : 


Maize qrain 
fH**ally a fruit con- 
taiiung a 

I aonoi ?ty • | 
ledorious olbuiQinovi^l 
S6cc) to aide, whit h; 
has no separate 
<*xistence from llie 
fruit). 


' C o m in o *1 
(pCTicarp nnd serd- 
coat •naepariibly 
fused togrt.lier;. 


Food gg Endosperm (main bulk) 
body and 

Perisperm (rudimenU) 


—Kcmd / Cotyledon (one, 

I terminal) or 

J Seutellum 

?mbryo I / Plumide, covere<f 

' Kyoz * cc^eoptilei 

Radi^, coveretT 
by the coleorhisa. 
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Sthicture of Unhusked rice grain— 

It is similar to Maize grain but the wall of the fruit 
is formed by three glumes and one palea. Its structure 
is shown in the following diagrams. G=:Glume. 

endospenn. 
fruit I 



Parts of an angiospermic plant— 

Normally the vegetative body of angiospermic plant 
consists of two main parts ;— 

(1) An underground part—the root*system and 

(2) A subaerial part—the shoot-system. 

The root-system in dicotyledons consists of a main 
axis (taproot) from which secondary and tertiary 
branches (rootlets) originate in acro^etal order i.e. the 
youngest branch is found towards the growing point, 
while the oldest branch is found farthest away from it 
while in monocotyledons there is no such taproot but a 

cluster of thread-like roots (fibrous roots) developed 
from the base of the stem. This rootsystem not only 
anfhors plants to the soil but also absorbs raw food- 
i^ateriKn in solution from it for the plant.. The shoot- 
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system consists of a main axis called the stem whirli 
bears similar and dissimilar lateral members. The similar 
lateral members arc the branches which often develou 
acropetally. The dissimilar lateral members are the 
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Jeaves which develop from definite regions (nodes) of 
the .axis or of its branches. ^The region between two 
successive nodes is called the Internode. Each leaf 
usually bears a bud in its axil (t.a. the angle made by 
the upper surface of the leaf with the stem) called 
Axillary bud. 

The apex of each axis (stem or branch) is normally 
terminated by a bud called the Apical or Terminal bud. 
By the activity of the terminal bud, the stem elongates 
while by the activity of the axillary bud, the branch 
system is produced. The stem in case of trees, remains 
unbranched upto a certain height forming a Trunk. 
When the. plant attains maturity, at proper seasons, it 
produces flowers and fruits in succession and within the 
latter seeds are produced. All these parts of plant have 
definite functions to perform and are spoken of as organs. 
The organs like roots, stems and leaves are concerned 
with the vegetation (i.e. growth from infancy to 
maturity) of the plant and are hence called organs of 
vegetation. Flowers, fruits and seeds are only produced 
at the time of its reproduction. Hence these are known 
as organs of reproduction. 

Thus the plantbody consists of organs, vegetative 
and reproductive, because every living organism passes 
through two main phases in its Iife>cycle. One is vegeta¬ 
tion, ihe other is reproduction. During vegetation. 
growth of the plant from infancy to maturity, the plants 
body consists of only ihe vegetative pat^ pr organs.' At 
maturity to;, make provision for the p^etuation of its 
race, it develops the organs.of reproduction. Reproduc- 
ti 9 n is ^ain followed by vegetation and in this way the 
•cycle life is continued. 
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In seed—bearing plants, one notices that plants 
<levelop from seeds which when placed under favourable 
conditions develop into fully developed plants. Each 
seed contains within U a plant in a rudimentary state 
called Embryo where all the organs of vegetation such 
ns roots, stems and leaves arc represented in miniature 
forms. For this reason wc begin our study from the 
study of seeds. 

Seed germination— 

It has already been pointed out that embryo lies 
within the seeds in a state of dormancy. When such a 
seed is placed under favourable conditions, the embryo 
wakes \ip and begins to grow until it establishes itself to 
the .soil. The term seed germination includes all the 
stages from the time the dry seed is placed under those 
favourable conditions until it c.stablishes itself to the soil 
forming a Seedling. This awakening of the embryo 
from inactive to active life and growth including a 
succession of changes is called seed germination. 

9 

Provided the seeds are viable and are placed on 
suitable substrata, the following essential conditions arc 
necessary for successful germination. These are suitable 
supply of water, supply of oxygen and a favourable 
temperature. With a few exceptions e.g. Mistletoe, and 
certain varieties of tobacep, light has got a retaking 
influence on germination at the primary stage. If any 
of the above conditions be absent, the seeds will not 
germinate. 

Viablitp or Vitality of seeds means its.capacity to 
renew growth or germinate. This vitality also d^ndS 
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on longevity of the seed meaning the length of time a 
seed can remain dormant (which is very variable) and 
still be viable. The maximum longevity of seeds on 
record is that of Indian Lotus which can remain dormant 
but able to germinate even after 200 years. 

1. Water—Water plays a most significant part 
during germination. It softens the seedcoats and thus 
helps the embryo to break through them easily. It swells 
the seeds, as a result the seedcoat bursts. It also 
facilitates the entrance of oxygen into the seed through 
the wet cell-walls. Water dilutes the protoplasm and 
helps it to perform its various functions actively. 
Finally the transfer of various foods is only made possible 
by the presence of water from the endosperm or the 
cotyledons to the growing regions of the germinatinfl; 
embryo for the building up of protoplasm. Too much 
or too little water prevents germination. 


2* Oxygen —Every living organism requires suitable 
supply of oxygen for respiration in order to live. During 
germination, the growing embryos respire vigorously 
owing to tjie vigorous activities of the cells for which the 
sppply of oxygen is necessary for normal germination. 

■ 8; Temperature —Favourable temperature is nece¬ 
ssary for succesrfiri germination. For every type of seed, 
there are= always maximum and minimum temperatures, 
above or. below - which germination will fail. There i.s. 
alsa aii optimum temperature When germination is at its 
best. 


nature of these condittona may be 
tyr 4!he idDowing experimenti:^^: “ 
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Seedlings— 

There are two main types of germination—Hypogveel 
or Hypogeous and Epigeal or Epigeous. Both the 
above types are found in Dicotyledonous and Monocoty- 
ledonoUs seeds. Among the dicotyledons the seeds of 
Pea, Gram, Mango etc. have hypogeal whereas those of 
Castor oil. Gourd, Tamarind etc. have Epigeal typos oT 
germination. Among Monocotyledons, the germination 
Is mostly hypogeal as in Mawc, Rice, Wheat and other 
cereals though epigeal germination is not uncommon as 
in Onion. The germination of dicotyleilonous and 
Monocotyledonous sec<ls will be discussed separately. 


In Dicotyledonous Seeds— 

Hypogeal germination.—This type of germination is 
typically exemplified by pe.a seed. After having been 



Germlnatiou of Pea 

iV.O:~Fo^ eon£tioiifi of germination (Experimpni) • see Practical 
Biology.. * 


8 
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placed under all the favourable conditions necessary for 
germination, the seed may start to germinate. There 
occur a series of changes preliminary to germination. 

The seed imbibes sufficient quantity of water, result¬ 
ing in the swelling of the seed and softening of the seed- 
coats. This initiates greatly increased physiological activi¬ 
ties in the seed. By means of enzymes the stored foods 
inside the cotyledons are digested to some soluble and 
diffusible forms which can be easily assimilated directly 
by the active awakened embryo. Respiration is very 
marked at this stage and due to the presence of imbibed 
water, the protoplasm becomes more dilute to carry on 
renewed vital functions due to the transfer of digested 
foods to the growing regions of radicle and plumule, 
these organs now begin to grow. It is the radicle that 
usually starts its growth first and it is the first structure of 
the embryo that emerges out of the seed usually through 
the micropyle. This radicle then grows downwards into 
the soil forming an axis called the Taproot which in its 
turn produces secondary and tertiary branches in 
acropet^ order, eventually producing the root system. 
In this way, the root system anchors the developing 
seedling to the soil. In such cases, the hypocotyl does 
not elongate. But during the development of the radicle 
due to the elongation of the epicotyl, the plumule is 
dragged out of the cotyledons in the form of a loop. 
The stalks of cotyledons also lengthen and help the 
plumule to emerge out of them. The plumule which is 
at first strongly hooked then straightens, out into the 
air and eventually forms the Shootsystem. The coty¬ 
ledons being all along con6ned within the seedcoat, 
gradually shrivel up and ultimately die down when the 
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seedling is completely estabUshed in the soiL Thii type 
of aermination ia called h 




the original position of the cotyledons is not disturbed at 
all. no matter whether the seed lies on the surface of the 
soil or inside the soil being aU along confined within the 
seedcoat. In some cases, pea—seeds show epigeal type of. 
germination (Priestley and Scott). 


Epigeal germination— ‘ 

This type of germination is seen in Tamnrind, 
Castor oil-seed etc. In this case also after the usual 



Tamarind SeeJing 
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preliminaries, it is the radicle that comes out first and 
forms the rootsystem. During the development of the 
rootsystem. the hypocotyl begins to elongate vigorously 
as a result of which, the endosperm is carried up with 
the cotyledons from its original position. It has been 
pointed out that in this case, the cotyledons are relatively 
thin and at first act-as absorbing organs Castor. The 
cotyledons, at first do not spread until the endosperm is 
almost entirely consumed. Finally, they separate and 
the remaining endo.spcrm either dries up and falls off or 
their remnants adhere to the spreading cotyledons. The 
cotyledons now become green and function as first foliage 
leaves. The growth of the plumule is very slow in this 
case but ultimately it produces the shootsystem. The 
two cotyledons then dry up and fall away. This type o] 
germination is called epigeal because the original position 
of the cotyledons is disturbed, no matter whether the 
seed lies on the surface of the soil or inside the soil. 

In Monocotyledonous Seeds— 

The germination of maize may be taken as typical of 
albuminous monocotyledonous seeds particularly the 
cereals and grasses. In such cases, the cotyledon or 

sputellum which acts as an absorbing organ transfers 
:food in digestible forms from the endosperm to the 
growing regions. As a result the plumule and the radick; 
begin to grow. As in pea, the hypocotyl does not 
elongate and the radicle is the first structure to come out 
but is followed almost immediately by the plumule. The 
radicle breaks through the coleorhiza and the common 
wall (fused pericarp and aeedcoat) and. forms a tiny 
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primary root. Almost simultaneously with its devcloj)- 
ment, adventitious roots begin to develop vigorously from 



G^rmiralion of Maize 


the point of origin of the radicle on the hypocotyl 
eventually producing an elaborate fibrous rootgystem. 
‘The primary root does not grow further and lives only 
for a short duration. In some cases, the primary root 
may last for several months. Later on, adventitious 
roots may also develop from the lower nodes of the axis 
of the shootsystem. The plumule surrounded by the 
'Coleoptyle, similarly emerges through the common wall 
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and may often attain a length of to 1 inch, when the 
apex of the coleoptylc bursts (scott) and the first foliage 
leaf emerges. In this way, gradually the shootsystem is. 
produced. After the establishment of the seedling in the 
soil, what is left of the seed gradually decays on the soil.. 
The germination is no doubt hypogeal, the cotyledon 
{acutellum) being all along endosed vAthin the common 
wall. 
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ROOTS 

Dtetinguishing features— 

Normal roots are derived from the direct downward 
prolongation of the radicle as in all dicotyledons at the 
time of germination of seeds but in some cases i-oots also 
arise from other parts of plants such as stems, leaves etc. 
and these are distinguished from the former as adventi¬ 
tious roots. Adventitious roots arc characteristics of 
all monocotyledons though in dicotyle<lons they arc not 
uncommon. Roots whether normal or adventitious in 
origin arc typically underground structures and are dis¬ 
tinguished from certain types of underground stems by 
certain characteristics. Roots usually grow downwards 
into the soil forming the descending axis of the plant 
avoiding light in search of water and food-materials from 
the substratum. Usually they are radially symmetrical 
and non-green. The body is not differentiated into nodes 
and internodes and do not bear leaves. Icaf-buds and true 
reproductive structures, the flow'ers. In dicotyledons, the 
branches develop acropctally and these are endogenous 
in origin (i.e. structures originating deep in the tissue of 
the root). The tip of the root is protected by a.cap-likc 
structure called the Root-cap» a distinctive structure 
found on no other part of a plant. 

Pa.rts of a root— 

Typically, the free ends (usually varying from 4 t.o 
6 cm.) of the main axis (taproot) and of its aiain 
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branches are cailed root-tips. Behind the root-tip in the 
older part of the root, growth in length never takes plaice 
and in this region that the secondary roots make their 
appearance. This region may be called the Permanent 
region. The root-tips when critically examined show^ 
that it consists of four distinct regions beginning from 
the very end which are as follows 

The root-cap region— 

The apex of the root is protected by a tissue often 
of considerable thickness and is called Root-cap. In 
some cases as in Screwpine, it is Multiple or many 
layered being distinguished from the former which i.s 
Simple as in Banyan. The main function of the root- 
cap is protection of the delicate growing tip. The 
outermost part of the root-cap is slimy and mucilaginous 
for this reason, the passage of the root-tip is greatly 
facilitated through the soil. During growth of the root, 
the cap withers away no doubt but is replaced conti¬ 
nuously by an active formative tissue within. 

a 

The region of cell-division— 

The growing point which is completely protected by 
the root-cap is tfie region where active cell-division takes 

place forming new tissues. 

< ¥ 

The region of elongation— 

-Just behind the growing point, the newly foimed cells 
which were in a state of division now begin to elongate 
and form the elongating region of the root.- It is in this 
^gidn that growth in length mainly takes plaed and the 
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.growing point with the root-cap is pushed through the 
soil. 

The region of root-hairs— 

Just behind the region of elongation, there is a region 
of the root varying in length where practically the growth 
in length has ceased and is densely covered by minute 
elongated iiniccllulur hairs callc<I the root-hairs by means 
of which the root absorbs raw food materials in watery 
solution from the soil. It is in this region only that the 
aclunl absorption of nutritive material is confined. These 
hairs also firmly adhere to the soil particles thus giving 
additional anchorage of the root to the soil. The root- 
hairs develop superficially i.e. are exogenous in origin. 
As the root elongates, new root-hairs develop towards the 
elongating region and the old ones gradually die down. 

The above four regions together constitute the root- 
tip. The root-hair region is also called the region of 
maturation because various internal tissues and conduct¬ 
ing channels are gradually differentiated. 

The permanent region— 

Behind the root-tip the main bulk of the root bearing 
the secondary branches is called the permanent region 
which is mainly concerned with the conduction of raw- 
food materials in watery solution already absorl>e4 b.y 
tile root-hairs from the roots, up the stem to the leaves 
for elaboration. 

* 

Kinds of roots— 

Roots according to their origin are of, two typM 
namely Normal and Adventitiong which have already 
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been dealt with. The taproot of all dicotyledons is. 
niormal root and is called Primary. It pro<lucei 
secondary and tertiary branches in acropctal succession. 
The taproot with its branches forms the normal or 
taproot system. All other roots arc adventitious. The 
fibrous rootsystem of monocotyledons is the typical 
example of such roots. 





Conical 


Funfonn 


Napiform 


Sometimes roots whether normal or adventitious- 
un^rgo modifications in response to varied requirements. 
Thus for the purpose of storage, taproots become very 
‘much swollen and assume various forms. It may be- 
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fusiform i.e. broadest in the middle with the two ends 
tapering like a spindle as in Radish': Napiform i.e. very 
much, swollen in the middle but abruptly tapers towards 
the apex as in Beet, Turnip'etc. and Conical when it is 
broadest towards the base and gradually tapers like a 
cone towards the lower end i.c. apex as in carrot. 
(Excepting the carrot, the various examples which are 
cited are in reality in ease of turnip—swollen hypocotyl, 
in Beet—swollen root and hypocotyl and in cR«e of 
radish—sowllcn hypocotyl and base of leafy stem— 
Priestley and Scott. 

Rarely however as in Ruellia tuberosa. the secondary 
branches of the primary rootsystem become swollen and 
tuberous. All the.se roots arc collectively called storage 
roots. Similarly adventitious roots also undergo modi¬ 
fications to meet various requirements of plants. These 
modifications are due either to 'meet apecial -mechanical or 
special physiological functions and the important types 
arc described below : / 

Chief types of vwdi^d adventitignis roots perfomiifig 
special mechanical functions are : Prop roots. Stilt 
roots and Climbing roots. 

Proproots—In order to give additional support to 
large horizontal branches as in Banyan, adventitious roots 
originate from these branches which are at first aerial but 
subsequently grow vertically downwards and on reaching 
the ground fix themselves to the soil. Those ultimately 
becotne thick and woody and thus act as pillars support¬ 
ing the horizontal branches. These supporting roots- 
when young are non-green. 
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Stilt roots—In many plants growing usually in 
swampy situations as in Scrcwpinc, stout adventitious 
roots develop from the trunk and these grow obliquely 
downwards and finally by fixing themselves to the soil 
give additional anchorage to the plant. 

Climbing roots—The climbing roots of such plants 
as Scindapsus officinalis (Gajpipul), Piper (Gachpan) 
are also a form of adventitious root.s. Large number of 
these roots are usually produced on the sides of the stem 
from nodes and internodcs growing along the surface (*f 
another plant or other suitable objects where they radiate 
and flatten out and hold the stem firmly to the surface. 
In Scindapsus (Gajpipul). these often become very long 
and often grow around the support forming an intricate 
network. 

The various modified adventitious roots ■perjorming 
special physiological junctions are as follows: 

Storage roots—The storage is a normal function 
but sometimes it has carried it to such a degree as to 
completely modify the ordinary forms. Like the modifica¬ 
tions of taproot for storage, several types of adventitious 
storage roots are recognised such as Tuberous, Fasci* 
-culated, Nodulose etc. When tuberous, some of the 
adventitious roots become swollen and fleshy like tubers 
as in sweetpotato (Rungaloo) where these roots usually 
develop from the nodes along with other fibrous roots. 
'When all the fibrous roots become swollen and fleshy so 
that they seem to arise from a common point from th'o 
base of the stem giving rise to a cluster of fleshy i^ts^ 
the’ roots become jascieulated as are exeniplifibd ht 
Asparagus (Satamooli). " i ' ' 
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Examples of noduloae roots arc rjirt' but arc found in 
costus species and sometimes in Curcuma (Amada). ’In 
such roots only the apical portion of adventitious roots 
suddenly becomes swollen. 



Tuberoas roots of .sweelpoUtlo 


Pneumatophores— Plants inhabiting swampy situa¬ 
tion where the soil is waterlogged aiul jmor in oxygen- 
content, develop special roots from underground parts 
.whic^ grow vertically upwards into the air for maintain¬ 
ing the gaseous interchange between the plant and the 
atmosphere. There are minute openings usually on the 
surface of these roots, through which the plant respires. 
Such breathing roots or pneuviatophores are commonly 
found in Heritiera (Sundri). Rhi^ophora. Jussi^ea 
(Keshardam).. 
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Epiphytic roots—These are hanging aerial roots 
which are characteristic of epiphytes such as orchids. 
These arc not positively geotropic i.e. do not grow 
vertically downwards like the aerial roots of banyan and 



Fascicolfttcd roots of Asp^aragus 


are usually green towards the tip. Such roots develop 
special structures called Velamen on their surface for 
absorption of atmospheric water. 



ROOTS 


119 


Haustoria—These arc highly modified types of adventi¬ 
tious roots for absorbing prepared foods from other 
plants and are found in some parasitic seed-plants such 
as the common Dodder, Mistletoe, Loranthus. Orobanche 
etc. The common dodder is a parasitic twiner devoid 
of foliage leaves which twines round suitable plants called' 
hosts and sends out short roots into the stem of the 
host plant wherever the parasite comes in contact with 
it. Such root.s arc callc<) Haustoria or parasitic roots 
which on penetrating the host plants establish connection 
with their food-conducting channels robbing them of 
the prepared food and often killing them by this method. 

Assimilatory roots—In Tinospora (Goloncho) long, 
hanging aerial adventitious roots develop which arc green 
in colour. Due to the presence of the green pigment, 
the cniorophyll, these roots can prepare organic foods in 
the presence of sunlight from formative materials. Such 
roots arc called AssiinilatoTy roots which arc concerned 
with the process of assimilation. 

% 

I Functions of roots-j- 

• ^ 

Normal functions of roots whether norma! or 
adventitious are :— 


1. Anchoragfc—t.e. fixation of the plant to the 
soil (environment) which is a inechamcal 
function. 

. 2. Absorption and conduction—^Raw food 

materials which are absorbed in watery solution 
by the root-hairs are conducted through the 
root.to the stem. • * 
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3. Storage —Roots aiso store up sufficient 

quantity of fooci and water in them for future 
use of the plant. 

Functions of absorption, conduction and storage 
together constitute the jihysiological junctions of the root. 
Besides these normal (unctions roots also carry on special 
mechanical and special physiological functions which are 
as follows:— 

Special mechanical functions 

1. Additional support as in the case of prop roots 
of banyan. 

2. Additional anchorage as in the stilt roots of 
screwpine. 

3. Climbing roots of Scindapsus (Gajpipul). 

Special physiological functions 

1. Storage as in the fleshy roots of sweetpotato. 

2. Breathing as in the pneumatophorcs of Herilicra 
(Sundri). 

3. Absorption of moisture from the atmosphere as 
in the epiphytic roots of orchid. 

4. Absorption of prepared food from other plants 
as in the haustoria of dodder. 

5. As^milation as in the assimilatory roots of 
Tinospora cordifolia. 

6v Vegetative propagation — ^This (unction is per¬ 
formed by the roots of Trichosanthes (Fatal). 
Many roses, Block-berries and similar other 
plants are often propagated' by root-cuttings. 
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CHAPTER XH 


THE SHOOT 


The structure developing from the plumule with 
hranches, leaves and flowers goes by the name of shoot. 
The main axis is the stem which gradually branches in 
jicropetal succession. The stem has the tendency to grow 
upwards and to bear dissimilar oigans like the leaves. 
The development and healthy growth of the leaves are 
dependent on sunlight therefore the stem seek's light. 



Shoot 


Loiif^iudina] section of bud 


The: stem beajs at its tilUmate apcx» a much compressed 
leafy structure which is called a Bud. The similar 
members developing on the stem ue. the branches atise 
from the superficial tissue of the main stem. The'position 








194 


THE SHOOT 


fiy)in which the leaves arise is called the Node. The- 
branches arise from an angular position made by the 
leaves with the main stem. The upper angle made by 
the leaf with the stem is the . AXIL. The axil is the 
most important position because buds arise from it and 
develop inito branches. The space which is free from 
any leafy structure on the stem between two successive 
nodes is called the Internode. Sometimes the intemodes 
are suppressed and the leaves seem to arise from the 
same position as in Pineapple (Anaras). This is the 
Roitette type. 


y^iHinetion between a root and a shoot. 


Root. 


Shoot. 


1. The root arises from the 1. 
radicle. 

S. The root avoids light. 9. 

3. The root is the descend- 3. 
ing axis. 

4. Root bears organs like 4. 
itself e.g. branches. 


,5. The apex of the root 
has U rootcap. 

6, There is no node or 
intemode. 

7/ There is absence of 
green colour. 

8. Branches are endogen¬ 
ous in origin. 


5 . 

6 . 
7. 

« 8 . 


The shoot arises from 
the plumule 

The shoot seeks light. 
The shot is the ascend¬ 
ing axis. 

The shoot bears both 
similar and dissimilar 
organs e.y. branches and 
leaves. 

The apex generally 
terminates in a bud. 
There are nodes and 
internodes. 

Green colour is invari¬ 
ably present. 

Branches and leaves are 
exogenous in origin. 
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nnctioiu of the stem : 


(1) The food material in solution goes up fVora 
the root to the leaves through the stem. 

(9) The manufactured food from the leaves is 
transferred to different parts through the stem. 

(ft) It sometimes acts as a reservoir of reserve 
material for future use. 

(4) It bears leave.s, branches and flowers to their 
advantage. 

Forms of Stems— 


Stems are generally round as in the majority of plants. 
Sometimes they arc fnbngular as Cyperu.s rotundus 
(Mootha) or squa re as in Ocimum sanctum (TooLsy) or 
ftattened a.s in 0^)UDtia (Phaniraonsa). 

A classiflcation of plants is often made according to 
the nature of the stem e.g. Herbs, Shmbs and Trees. 

Herbs—These are soft and <lclicatc plants and are 
characterised by the absence of the thickening and 
hardening of tissues. They are again subdivided into 
three kinds e.g. Annmd, Biemml and Perennial. 

4 

Annual—These plants complete their lives in one' 
season only e.g. wheat, rice etc. 

Biennial—These plants complete their life-cycles in 
two .seasons. In the first season, they grow and store up 
reserve food matter for the next season which is primarily 
meant for flowering and fruiting. The Biennials arc often 
cut short in the duration of their life-cycles and become, 
annuals e.g. Radish (Moola), Cabbage, Beet. , * 
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Perennial —These plants live for more than l.wo 
seasons e.g. Plantain, Ginger, Canna. 

Shrubs—The plants are not very large but thej’ arc 
characterised by hard and woody stems and a number of 
equally developing stems arise from the level of the soil 
as Rose, Chinese Rose (Jaba), Croton, Cotton. 

Trees —These plants have main axes next to the soil 
which arc known as Trunks and are considerable in bulk 
and are hard and woody, tjg. Mango (Am), Teak,. 
Rose-apple (Goiap-jam). 

Modificationa of the Stem — 

Underground stems or sobterranean forms. 


Stems are generally found above the ground but arc 
often undeiground or subterranean, the usual green colour 
is absent, the leaves are replaced by scale leaves and often 
they become reservoirs of reserve materials. They are 
commonly mistaken for roots but arc characterised by 
having structures similar to stems, bear scale loavc.s and 
are often divided into nodes and inter-nodes. The nndcr- 
groun^stems perform the following functions: — 

(I^^^hey store up reserve food, 

^2^ They' help in perennation i.e. allow the plant 
« to tide over a period of bad weather conditions, 

(3) They help in propagation of plants. 

The common forms of underground stems are:— 


(1) Rhizome, a fleshy stem occurring under the soil. 
It is divided into nodes and inter-nodes. It bears scale 
leaves from the axils of which annually leafy shoots arise. 
It grows at one end and dies at another e.g. Turmeric,. 
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Ginger etc. Sometimes the rhizome is vertical and is 
called Rootstock as Alocasia (Mankachu). 



Rhizome of gin^r 


(2) Tuber, this is the form of underground stem 
which becomes swollen with the accumulation of starchy 
food material. There arc scales on a tuber with buds 
which arc known as eyes e.g. Potato. 



Tuber of Potato 



Corm of ‘CM’ 


(3) Corm, this form of underground stem is much 
swollen and bears a number of thick leaves on the top. 
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Tlie corm bears a large number of roots and a number 
of buds on its sides e.g. Amorphophallus (01), Kohl-rabi 
or 01-kapi, Saffron (Jafran). 

(4) Bylb, this form has a small disc bearing a 
number of closely packe<l leaves. The loaves are fleshy 
and store up reserve food materials e.g. Onion (Piaiij), 
Garlic, Lily. 



Bulb of onion 


Bulbs are of two types e.g. Tunicated and Naked. 
Tunicated bulbs have fleshy scales enclosing one another 
in concentric manner and covered externally by dry scales 
as in Onion, Garlic while the naked bulb has fleshy scales 
but not covered externally by dry scales as in Lily. 

The underground stems have the following special 
features:— 



(o) They often bear scale leaves. 


(6) They store up reserve food. 



i * 


s I ^ 
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(c) They arc often divided into nodes and inter¬ 
nodes. 

(d) They bear buds. 

II. Steins found aboveground— 

The stems that are found on the ground are either 
erect or they trail along the ground. The former is 
known as Erect and the latter Prostrate or Weak. 



Thom 


Erect stems arc generally found all round the earth. 
When the growing point elongates almost straight and the 
main stem bears lateral branches in ncropotal succession 
so that the whole plant looks like a conical stnicture, it 
is called excurre nt as in pine, deodar. When the .stem 
by repeatedPbranching assumes a bushy structure and the 
main ans difficult to find out, it is called deliques^nt 
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as-in Banyan, Jack-fruit tree^y/^metimes the erect stems 
are very jointed as in Bamboo. These are known as 
Cblms. The stems of palms are unbranched bearing a 
tuft of leaves. These are known as Caudex. 



Tendril 


"Bhe aerial stems are sometimes modified as follows: — 
(1) Tendril —the stem is modified into a thread-like 
structure as in Cucurbita family (Kumra, Lau etc.). 
They help the plant to climb. 

(^) Thom—Sometimes stems are changed into 

spinous processes which protect the plant e.g. Bad,. 

% 

Lemon. 

(S) Cladode and Phylloclade—these are fiat leaf¬ 
like structures which are modified stems. They arUe in 
the BxU of leaves and often bear flowers. When the fiat 
sthictUK has but one intemode, it is called cladode 
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Asparagus (Satamooli). When there are several inters- 
nodes it is known as Phylhx^lade e.g. Opuntia (Phani.- 
monsa), ^ 



Ph.vHoclarfe 


Weak Steins— 

When the plants arc not erect, they may trail along 
the ground and arc known as the trailing plants w'hile 
others climb up on some support and are known as 
climbing plants. 

Weak plants may be:— 

(а) Procumbent, when they travel along the ground 
but do not root at the nodes e.g., Basella (Puin). 

(б) Decumbent, when the growing point rises while 
the other part remains flat on the ground ns in Portulaca*. 
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(c) Creeping, when they root at the nodes e.g^ 
Cynodon (Durba grass). 

There are several modified forms of subaerial slems;~ 

(1) Stolon, when the plant arises ns a branch and 
travels over the ground and forms an arch rooting at the 
place where it meets the soil e.g. Hydrocolyl (Thulkuri), 
Gooseberry. 

i'i) Sucker, travels along the ground and the 
separated plant is capable like the stolon to lead an 
independent life e.g., Mint (Piidina). Chrysanthemum. 

(3) Runner, it is a thin prostrate branch. It is 
produced from axillary bud. goes to .some distance and 
produces roots and becomes an independent plant when 
separated as in Oxalis. 

(4) Offset, it is a short, thick and prostrate branch. 
When separated it becomes an independent plant as in 
Pistia (Pana). 

Climbing plants may be:— 

(1) Tendril climbers, which climb by means of 
tendrils e.g.. Cucumber. 

(9) Root climbers, give rise to additional roots 
from the stem to climb up as a support e.g., Piper betle 
(Pan). 

(3) Hook climbers, when the plants rise up by 
hooks on their supports e.g., Artabotrys (Kantali 
•Champit). 

(4) Stem climbers, when plants twine up their 
:Aipport by means of stems e.g., Dolichos. 
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StemH 

i 


Normal MocliHed and 

I met ai nor phoned 

j--^ forma. 

Erect Weak 

I 

I I I .1 

Excurrent DeliqueacenL ('audex Culm or 
e.g* Deodar e.g, Banyan e,g. Palm Haulm 

ejj» (iras$:. 

R«nd>oo. 

Sugan^uiie. 


I 

Proatratc 

I 

I 

Not rooting 
at the nodca 


Preumbeni Decumbent 

e.g. Puiti« e.g. Porlulaca. 

Kvolvulua Sp. 


I 

Climbing; 

I 

1 

Rooting; at 
the nodes 

Creeping stem ' 
t.g. Durba. 


,—Twiners 
‘ a. Dextroi«c 

j f). Siimlroae- 

I c. Lianas. 

j—Rootcliniber 
I e.g. Pan. 

_ Tendril 
e.g. Gourd* 
Pasjsiflor^ 
j—Petiole- 
climber 
e.g. clematis 
(chajpilbati). 

_ Hookcl irober 
e.g. Kantali- 
champa. 
'_Raniblera 
e.g. Rok» 
Caue: 
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ModificatSons of Sirm 

1 

Suba^rial 

1. For pTopftf;Biion 

a. Runner eg. Oxalia Sp. 

b. Stotov e.g. Hydroootyl Sp. 
e. Off ret e.g. Cliry.sanihe- 

mum Sp. 

if. For climbing 

Tfftdril e.g. Passiflora 

S. For self •defence 

Thorn e.g. Lemon 

4. For awimilation 

Ph^lloclade e.g. Pbani- 
mstiaa. 

A. Cladode e.g. Asparagus 
Sp. 

Bud- 

Bud is really a condensed shoot having a delicate 
growing point with a rudimentary axis and having com¬ 
pressed nodes and intcr-nodes surrounded by minute 
rudimentary leaves. 

Plants generally show their development by the 
growth of the terminal bud where leafy structures are 
at first founds to be in a compressed condition. The 
compressed structure shows small leaves in various stages 
of gA)wth. This rudimentary structure consisting of a 
number of leaves, nodes and inter-nodes in a miniature 
form is called a Bud. The Buds am generally [|ound at 
the apex of the main stem' or branches. Another con¬ 
spicuous position is the axil of a leaf. The buds found 
at the apex are called Terminal while those at the axil 
^e called Axillary. Usually one bud is found at the 


I 

Subterranean 

For propagation* perennatim 
and storage 

a. Rhizome and Rooisiatk 
e.g. Ginger* Alooaaia 

b. Tuber e.g. Potato 

c. BiJb e.g. Onion 
cf. Corm e.g. 01. 
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•axil but if there be more than one bud, the additional 
buds arc known as Accessory buds. 

Normal and adventitious buds— 

Buds when they arise from their normal positions are 
said to be normal but sometimes they are found to arise. 



Bryophylium 


from abnormal position when they are known as adven> 
titious buds e.g.. Leaf of Bryophyllum (Pathorkqcha) .* 
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Dormant and deciduous buds— 

Sometimes the buds without unfurling the foliage 
remain in an inactive state only to renew their growth 
when there is any necessity. In cold regions of the 
world, the buds protect the plant by remaining doniianL 
in the unfavourable period and grow when the rigours of 
climate disappear. 

Buds may appear but fall away before showing the 
foliage. Such buds are called deciduous buds. 

Sometimes buds might appear but on falling to the 
ground do a distinct service since by developing into an 
independent plant, such a condition gives an example 
of vegetative propagation. These buds arc called Bulbils 
e.g. Dioscorea (Chuprialoo). 

Buds can be classified broadly into two types 

(1) Vegetative or Leaf-buds. 

(2) Reproductive or flowerbuds. 

The bud developing ordinary fnli.age is cnlle.<l n 
Vegetative bud while the bud which develops into a 
flower is called a Reproductive bud. 

Buds are often without any protective covering 
or contrivancet such buds are called Nake<l buds. These 
buds ai-e found in tropical countries. 

Buds are often protected by means of scale like 
structures. Such Buds are known as scaly buds. Some¬ 
times leafy structures overlap or the outer leaves become 
thick and fleshy and still another mechanism is found 
namely a rennous secretion or the presence of hairs on 
the. buda to protect them from drying. 
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Buds 


I 

According to the neture 


I 


According to origin 

1 .. 


I 


Loaf buds Flower buds 


Normal 

According to position 

I 


A<lveniitio\i8 


. I 

Term ilia] or 
Apical 


I 

AxdUry or 
Lateral 


EpiphylloiiH Cautine Rndiral 

e.g. Bryopliylliim e g. Hose c.ff. Tricho- 

said lies. 
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BRANCHING. 

The lateral development of similar parts is branching. 
There are two types of branching: — 

(1) Lateral, (2) Dichoiomoue. 

0) Lateral branching->~the main axis elongates and 
from the sides, branches arise by the development of 
axillary buds. Lateral branching is of two types:— 

(a) Racemose, (6) Cymose. 

(a) Racemose branching when the main axis ha.s an 
unlimited growth and branches arise in acropetal succe¬ 
ssion i.e. the youngest branch is near the apex and the 
older ones near the base of the plant. 

(h) Cymose branching dors not show the unlimited 
growth of the apex, but the apical bud is arrested in its 
growth. 

The buds below the apex take up the growth and 
are similarly followed by other buds, so the daughter 
branches arc more prominent and strong than the parent 
axis. This type of branching is called Cymose. 

(1) In tlic case of cymose branching, one branch 
develops folloA^ed by such other branches, it is called 
Uniparofis cyme or Monochasium. If the branch sy.stem 
develops on one side, it is called Helicoid but if alternate 
branches develop it is called Scorpioid. 

(2) If two such branches develop it is called 
Biparous cyme. 

(3) If more than two branches develop it is called 

Mt^fiiparous cyme. 
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Dichotomous Branching— 

When the main axis divides equally into tw’o branches 
and arc followed by similar branches, it is known as 
Dichotomous branching. It occurs in the Cryptogams. 

If branches develop on one side, it is Helicoid and 
when alternate development of branches is observed it is_ 
called Scorpioid. 


Branching 


(By llm ivtivily 
of Inleral Nnds) 

1 

... 

1 

Dichotomous 
(By the divided 
Activity of Ihe 
growing point) 

1 

Uneemoso 
e.g. Deodar 

1 

CvmoAe 

1 

1 

\ 



1 1 

Bi parous Mulliparous 

e.g. Tagar. e.g- Croton 

Spare! (lorus. 


1 

1 

1 

Helicoid 

D Amelia 
patensi 

Scorpioid 
r.ij. Vitis 


1 

i 


1 

Normal didwtoniy 
e.g. Cryptogama 

SympodiL 
dicliotoniy 
e.g. Cryptogams 


1" 
Hdicoid 


1 

Scorpioid. 
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LEAF. 

Loaf is the lateral disnmSor aj^pendnge of tho stem 
or branch. It is the laboratory of the plant wlien* Iho 
simple, food-materials coUcctcd from the soil and air are 
converted into organic food not only for llie use of Ihe 
plant but also for the welfare of tho living nntmaN nhich 
have to depend upon plants directly or indiroelly for Ihoir 
nutrition. They arise in acropctal sjicces.sion on the stem. 
The ordinary leaves arc known ns foliage leaves and ar< 
usually green in colour. They sometimes lake other form-, 
and colours. 

Kinds of Leaves— 

(1) Ordinary foliage leaves, these leaves, are hat 
and green. 

(2) Cotyledons, these are the primary leave'' of th."* 
baby plant. 

(3) Scale-leaves, these are found on the under¬ 
ground stems.' ^ 

(4) Bract leaves, these are associated with flower', 
often they are green but sometimes highly coloured .’.y. 
Euphorbia pulchcrriroa (Lalpata) —Poinsettia. 

(5) Floral leaves, t^esc are the enveloping leaves 
of flowers, often highly coloured to attract insects e.y. 
sepals' and petals. 
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Functions of ordinary leaves— 

(1) Manufacture of organic food from simple 
materials e.g. Assimilation. 

(2) Large amount of water vapour escapee from the 
leaves e.g. Transpiration. 

(3) Leaves take in oxygen and give out CO:- (carbon 
dioxide) e.g. Respiration. 

(4s) Sometimes leaves protect delicate structures e.g. 
Protection. 

Parts of a Leaf— 

The leaf consists of three distinct jH>vtious. The flat 
nnd broad portion is called the Lamina or Blade or Epi- 
podium. I'he st.alk-like portion below the blade is called 
the petiole or leafstalk or Mesopodium. 

The lowest part near its attachment lo the stem is 
called the leaf-base or Hypopodium. 

• 

Stipules— 

The base of the leaf sometimes shows a pair of struc¬ 
tures which are called Stipules. If the. leaf bears the 
stipulc.s, it is called stipulate, while those leaves «vithout 
^stipules are known as ezstipulate. 

The stipules may be:— 

. (1) Free lateral when ftiey arise from the sides of 

the leaf-base e.g. Jahai 

(2) Foliaceoue, when the stipules arc very promi¬ 
nent and leaflike e.g. Pea. 


4 
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(3) Spin^, when the stipules are converted into* 
spines e.g. Mimosa, Babla. 



(4) Interpetiolar, when the stipules join uji e.g, 
Rangan. 

(5) Adnata when the stipules enclose the base of 
the leaf e.g. Bose. 



Teadrillar stipule. 



Ochreate Stipule. 
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(6) Tendrillar e.g, Smilax (Kumarika). 

(7) ^ Scaly, when they are converted into scales e.g. 

Banyan. 



Foliaoeous Sttpale. 


(8) Ochreate e.g. Panim^ich (Poligonum). 

* (9) Intrapetiolar e.g. Gandharaj. 

Petiole of Leaf— 

The petiole is usually round but may be long or 
short. Leaves with petiole are called Petiolate and those 
without it are called Sessile. Often the leafblade without 
attaining its • permanent form, falls away and the work 
of the blade is performed by the petiole which becomes 
flat e.g. Australian Acacia. Such a petiole is known as 
Ph/yUode,. The blade generally is flat and the terminal 


LEAF 


145 

€nd is called the apex of the leaf. There is a prominent 
vein in the leaf running almost in the middle which is 



Aitnntc Stipule. 



Intrapctiolar Stipulo. 



Free lateral Stipule. 

called the midrib. There are other veins which form^a 
network in the leaf coming out of the midrib. v ' 
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Venation— 

There are slender impressions on the leaf ninnlug 
all about it which are visible on looking at the leaf 
against light, these are due to the presence of veins. 
The arrangement of veins in a leaf is called venation. 



-Palmate B—Pinnate. C—Parallel. 

There are two principal types of veins, (A) 
Reticclate and (B) Parallel. (A) Reticulate, when 
the veins branch and gradually spread and form a netlike 
structure. Reticulate venations are of two- types 
(1) Pinnate and (3) Palmate. (1) Pinnate, or 
unicostate type there is a prominent vein like a feather, 
or central core of a feather and branches are given off 
from the sides like the pinnae of feather e.g. Mango. 
(3) Palmate^ or multieostate type several strong veins 
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arise in the blade of the leaf and a central midrib is absent 

% 

e.g. Papaw, Gourd. 

B. Parallel, when tlie veins arise in the leaf parallel 
to one another. This type is characteristic of monocoty¬ 
ledons c.g. Grass. 

Parallel may be pinnate or unicostale as Plantain, 
canna or PalmuLc or multicostate as Waler-hyacinlh, 
Bamboo. 

Function of Veins— 

The veins carry the foo<i .‘johilioii to difTereiit purfs 
of the leaf and also help the leaf in keepiim np its foi;u 
i.e. they give meehanicnl strength to tlic leaf. 

Segmentation of leaf— 

If the margin of a leaf shows incision' rtimiiiig to 
less than half the depth of the lamina, it is called 
pinnatifid c.g. Chandramailikn. If more than half the 
depth of the leaf is incise<l, the loaf is called pinnati* 
partite e.g. Panijjhal. If the iiK'istons run up to the 
midrih, it is pinnatisect e.g. Genda. 

Texture of leaf. 

A leaf may be : — 

• (1) Succulent when the leaf is fleshy and juicy eg. 

Aloe (Ghrita-kumari). (2) Leathery or coriaceous, when 

it is strong and tides over the winter season succesfully 
as in Pine. (3) Herbaceous, when the leaves fall off 
periodically and last but a single season e.g. Amrn. 

The leaf is studied from different points of view e^g. 
Apex, Malgin and shape. 
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The apex might be of one of the following fonns;— 

(1) Acute, when the apex ends in an acute angle 
■e.g. Jaba. 

% 

(2) Acuminate, when it ends in a fine point e.g. 
Aswatha. 

(3) Obtuse, when the apex ends iu an obtuse angle 
e.g. Deshibadum (Terminalia). 

(4) Emarginate, when there is a depression at the 
-apex e.g. Oxnlis (Amrul). 

(5) Tendrillar, when the apex ends in a tendril e.g. 
Ulatchandal. 



A B C D £ F G H I J 

A—^Entire; B to D—Serrate; E—Dentate ; 
P^-Crenate; G to J—Pinaatifid 


The margin ntay be : — 

<1)* Entire, when it has no incision e.g. Banyan (Bot). 
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(2) Serrate, when the incisions with their regularity 
•give the margin a sawlike appearance e.g. Kose. 



(3) Dentate, when the margin projects .ami have 
toothlike incisions e.g. Waterlily. 
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(4) Wavy, when the margin assumes a wave-likc 
appearance e.g. Deodar. 

The shape of the loaves differs from one another and 
may be one of the following types : — 

(1) Linear, when the leaf is long and mort^ or less 
narrow e.g. Grass. 

(2) Acicular, when the leaf is nce<lle shaped e.g. 

Pine. 

(3) Oblong, when the leaf is more or less rounded 
e.g. Tamarind. 

(4) Lanceolate, when the leaf is lance—.shaped e.g. 
Deodar. 

(5) Cordate, when the leaf is heart—shaped e.g. 
Piper bctle. 

(6) Reniform, when the leaf is kidney—.shaped e.g. 
Hydrocotyl (Thulkuri). 

(7) Orbicular, when the leaf is more or less circxdar 
e.g. Lotus (Padma). 

(8) Auriculate, when the base shows projections 

e.g. Calotropis (Akanda). , 

(9) Ovate in Banyan, China rose. 

(10) Elliptical in Nayantara. 

( 11 ) Peltate. 

Simple and Compound leaves. 

When the blade of the leaf is entire, it is said to be 
simple leaf. When the blade is divided into two or more 
parts, all articulated to a common axis, the leaf is said 
to,be compound leaf. The separate parts of a compound 
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leaf are called leaflets. The leaflels are similar in shape ‘ 
and form Lo the simple leaves but the axils of the leaflets 
never bear any bud. Buds are borne at the axil of thfc 
coin|)ound leaf. 

Varieties of Compound Leaves^- 

They may be (1) Pinnately compound. (2) Pal- ' 
mately conipnund. Pinnately compound, when there is 
a central vachis and the leaflets or pinnae are generally 
borne in an opposite iminuer e.g. Ho.se. The piimately 
eompouiul leaves may be cither provided M'ith even 
number of leaflets i.e. the comix>un.d leaf has not a 
terminating leaflet. Tins i.s known .ns Paripinnnle type 
e.g. Taniariiul. Sometimes the eonipoinid leaf instead of 
bearing even number of leaflets hears odd number of 
leaflets i.e. there is a terminal leaflet e.g. Hose. This is 
known ns ImpaTipinaie type. 

The pinnately compound leaves might be 

(a) Once phwale. 

(b) Tioice pinnate or bipinnatc. 

(c) Thrice pinnate or tripinnale. 

(a) Once pinnate, when the pinnae arc directly borne 
on the axis e.g. Hose. 

(b) Bipinnatc, when the pinnae undergo divisihn of 
the second order e.g. Babla. 

(c) Tripinnate, when the pinnae further divides into 
third order e.g. Sajina. 

2. Palmatcly compound, when there is no rachis but 
the leaflets arise from a common point. According t(\ 
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the number of leaflets a compound leaf of the Palmate 
type is:— 

(1) Unifoliate, 

.2) Binnate, 

(3) Temate etc. according as the leaflets number 
one, two or three etc. 

Difference between Simple and Compound Leaves— 

1. The blade is entire in a simple leaf while the 
blade undergoes division in a comix)imd leaf. 

3. The axil of a simple leaf bears a hud while the 
axil of the leaflets docs not bear any bud but the rnchi.s 
bears a bud. 

3. The simple leaf bears stiindes while the leaflets 
do not bear the stipules but the rachis might bear them. 
Distinction between a Branch and a Compound 
Leaf— 

(1) The branch bears buds at the terminal point but 
the compound leaf does not boar any terminal bud. 

(2) The leaves of branches bear buds in the axils 
but the leaflets of the comi>ouml lcave.s do not bear an;/ 
bud in the axil. 


Prefoliation signifies the arrangement of leaves in 
the bud. It includes the arrangement of individual 
leaves i.e. how each leaf is arranged by itself and is 
known as Ptyxis* while the arrangement of the leaves 
w;th one another in the bud is knoM*n as vernation. 
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Ptyxis may be : — 

{\y*Plane, when the leaf is not folded e.g. BnkasU 
(Adhatoda), 

(2) RecUnate w* infiexed, when the upper part of 
the leaf is- bent down on the lower part, 

(S) Conduplicate, when the leaf is foUled lenglhwibc 
along the midrib e.g. Magnolia (Champa). Rose, 

(4) Plicate, when the blade is folded back and forth 
along the main veins like a closed fan e.g. Fan-palm, 

(5) Circinate, when the leaf is rolled from the tii> 
downward to the base as in ferns, 

(6) Convolute, when the leaf is rolled lengthwise 
from side to side, scroll-like e.g. P(antain-lea(. 

(7) Involute, when both edges of the leaf arc inrolled 
lengthwise on the upper surface towards the midrib e.g. 
Lotus, Waterlily, 

(8) Revolute, when both edges are inrolled on the 
lower surface e.g. Karavi. 

Vernation— 

This is (1) Imbricate, when the leaves in.a bu«l 
overlap others. 

(2) VtUvate, when the leaves touch only by margins. 

(3) Twisted, when one margin is inwards and the 
other outwards overlapping another inner margin,of the 
leaf. 

Phyllotaxis— 

Firyllotaxis is the mode of arrangement of leaves on 
the stem or branches. Phyllotaxis may be 

(i) Oppotite, (2) Alternate, (3) WhoHed., 

I 

n 






Leaves are arranged on the stem in various vrays 
in order to expose their surfaces to suitable amount oT 
solar rays and air. If the leaves are congested in a small 
space, the chances are that the leaves will not be able 
to get proper nourishment and unhealthy conditions will 
bring disaster to them. , « 



A=Redioate; B=Conduplt«te; CsFImte; D=Circinite; 
P=:Involute: E^Convohite; G=Revdute. 




(1) Opponte, when one leaf finds another opposite 
to it in a node e.g. Tulsi (Odmum). 

(2) Alternate, when one leaf is found in a node eg. 
Mango, Tobacco, Mustard. 

(3) WhorUd, when more 4han two leaves arise from 
a node e.g. Karabi, Devil tree (Chhatim). 

The alternate arrangement is known as q>iral arrange¬ 
ment and several laws govern it, 

' (1) Leaves are fouhd on different sides ^steni. 



uur 


1S& 

(2) An imaginary line can be - dra^ connecting the 
' baseS' of the leaves whk^ isknoam ns the genetic apiroL 


I t V if, 



(d) If vertical lines be drawn on the stem, the leaves 
will lie on those lines, the bnes arc called orthoftiefuet. 
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(4) The distance betweai any two consecutive leaves 
abng the €r^etic spiral, » measured in the fraction of 
the circumferance of the stem and is called the lateral 
£t>eTgence, while the ai^gle subtended by the lateraf 
divergence, is knouii ak Angular divergence. It is 
measured in degrees. When the number of orthostichies- 
is two, the arrangement is known as Distichous. The 
divergence is i and the angular divergence is ^ of SOO” 
=180'’ e.g. Grasses. When the number of orthostichica 
is three, the arrangemapt is called Tristichous, when five 
Pentastichous and so on. 

Leaf*mosaic— 

Plants sometimes spread their leaves in the form cf 
a continuous surface and utilise the sunlight to the best 
advantage. This' arrangement is^ followed to prevent 
overlapping of leaves and bring the light to the reaoli of 
every leaf. The appearance is an adaptation of the plant 
for mutual welfare of the leaves, e^. Oxalis, Krisnakali 
etc. 

f Homology and Analogy— 

Organs which are similar in their origin but perform 
different functions are known as Homologous organs. 
Organs which^ perform sdmilar function but arc different 
morphologicafly are called analogous organs. The tuber 
of potaito is homologous with a branch. Floral leaves and 
ordinary foliage leaves are homologous structures. The 
tuber of potato is analogons with radish because their 
function is similar. 
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INFLORESCENCE 


It is known that flowers arise from buds whicb are 
different from buds giving rise to foHage leaves. The 
buds arc called floral buds. They may be terminal or 
axillary. A floral bud arises usually from the axil of a 
leaflike structure ealled Bract. The Brarts are generally 
coloured and much smaller in aae than the foliage lcave&. 
Bracts maiuly perform the function of attraction and 
protcetiou. Bracts may be:— 

(1) Coloured, when they are known as pelaloid 
bracts e.g. Baganbilas (Bougainvillea). 

{i) Spathe, when fleshy and cnclo.M's Uii' flowers e.g. 
Plantain. 

4 

(3) Glumes, much smaller in size e.g. Grass. 

(4) Epicalyx, forms a ring round the base of the 
flower e.g, Jaba. 

(5) Involucre, when a number of bracts often found 

round a number of flowers coHccted together e.g. 
Sunflower. • 


^nflones^nee is a hrandi system bearing a numbe r 
of flowers. There are two types of inflorescence 

‘(A) Racemose. (B) Cymose. 


Racemose inflorescenoe is characterised by an 
indefinite growing point. The oldest flowers are fmihiL 

e 9 


156 


CE 

towards the base. The youngest flowers arc near the* 
apex. The flowers are said to open in acropetal 
succession. Sometimes the axis of this type of inflores¬ 
cence becomes greatly shortened and assumes a flat disk- 
fike structure, in surfi cases the flowers open from the* 
circumference towards the centre. There are sevenil 
types of Racemose inflofeacenoe. 
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Cynoso infiorcscence bears a terminal flower 
the ultimate growing point ia defined by a flowier. Here 
the order of opening of flowers is reverb. The youngest 
flower is found near the biaae of infloreseeneb knd the 
•sideat' flower at th« apet.’ In cymose inflorescence, the 
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‘•diat:^eic<^e 9 flat and the axis of the inflorescence shortend, 
the iflftwers open from ^e centre to the circumference. . . 

^ * * 

♦ 

Definitions — 

When there is a stalk supporting a single'flower, the 
flower is said to Be solitary and the stalk, is called the 
Peduncle.' The stalk of the individual flowers of an 
inflorescence is called Pedicel and the main axis a Rachis. 
If the flower has a pedicel, it is called Pedirillate, if not, 
sessile.: 

The following types of racemose inflorescence arc 
met with 

',‘(1) Raceme, when the flowers are stalked e.g.. 
Radish, Mustard. 

(2) Spike, when the flowers are sessile e.g., 
Kajanigandha. 

(3) Spadix, when the raphis is fleshy and the inflpre- 
accnce^4s covered by a bract often showy callc<l spathe 
e.g., Mankachu, Plantain. 

(4) Corymb, when the flowers by different unequal 
lengths of the stalks come to the same level e.g., Rangan. 

(5) Catkin, is a spike*like type of inflorescence but 
the flowers are unisexual e.g. Berch (BhuryapatraX. Pituli. 

(fl) Umbel, when the rachis is shortened^^i^-^pwers 
w|tB <|qual pedicels spring up from it e.g. 

C?) Of Head, when the rachis B^mes flat 

and* forms:a receptacle and the flowers develop centrip- 
«tally !>., ■ the oldest flowers open from the circum< 
ference towards the ceutre #.p.. Sunflower. • 
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(8) Panicle, wben the axis or rachis bears branches. 
These branches bear pedicelled flowets. This “raceme 
racemes ” is called a panicle e.g. Yucca. 
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Types of Cymoae inflorescence. 

1. The cyme, wh^fr’the terminal flower opens fltst 
and several flowers then open under e.g. Jasminutft 

(Juin). The cyme is again divided into several forms 
according to the number of branches developing below 
the terminal flower:— 

(a) If there arc two branches, it is called 
Dichaaium or Biparous cyme e.g., Teak 
(Sagoon), Juin or Jasmine. 

(b) If more than two branches develop it is 
called Polychasiwn e.g., Euphorbiaccao. 

(c) If only one branch develops, it is called Monty- 
chasium. Monochasium may confine their 
branching to one side when it is called Helicoid 
e.g. Begonia. If the branching be in alternate 
form it is known as Sorpioid type e.g., 
(Heliotropium) Hatisur. 

2. Cymose umbel is cymbsc 'in form but assumes 
the form of an umbel e.g,, Calobropis (Akanda\« 

3. Verticillaater is a cymose type developing in the 
axils of opposite leaves e.g., Ocimum sanctum (Tulsi). 

Flower— 

A flower is a modified shoot specially adapted for 
•reproduction. Priestley and Scott define flower as a 
short shoot axis hearing structures associated with 
reprodueiion. The condensed region of the shoot'axis in 
the • flower is described as the receptacle. Functional 
flowers must contain either stamens or carpels or both, 
but the term flower is usedjto cover also certain abnon^at 
forms produced under conditions of cultivation, in which 





m 

only the inessential parts' sueh>'as' sepals, and, petals are 
pcesent and which therefore take no part in reproduction. 
A flower consists of four whorls e.g. Calyx, Corolla, 
Anih«ecium and Gyneedum. The individual parts of 
the first whorl namely the Calyx, arc the sepals. The 
parts of the second whorl are the Petals. The member» 


F^spedande, R=rec«pUrle. H:=BepaI. P?:p*Ul. an=:»ntlier. 
0:=0vary, Pispktil. PsfilMient, Sti=Sti|cnaii» 

^ Sty^^yle, Si^StMDen. 

of the thud whorl are the stamens and the members uf 
fourth or last whori are the Carpels. The pea flower 
dmies all.,the four .whorls. The axis of the'flower on 
which, dm floral leaves develop is called the Thalamus. 
Somethnef tlu^ .en4 the jMSduncle or pedicel in enlarged 
to>,which othef flower p&rts are- ^toched and is termed 
the .meoptaele. The function of the sepals, is regarded 
fa oas wmY ft f pf y ai^d a jiu^diary function is proUcr- 
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Hon -to more delicate parts of the flower. The sepals 
are^' usually green. The petals serve mainly to attract 
agents of foUinaiion which help the flower tn attaining, 
the fw ' which it produced by the . plant.. 

The Amjrdecium produces stamens, the anthers of which 
bear' {lollengTains which are suitably placed on the 
^rininal part of the carpel eg., the stigma when both 
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staAen&iand carpels are mature and produces the seed;^. 
The stamens smd carpels are Uie most in^>ortant parts-, 
ofi-iftii^wer. Hie calyx and caroUa may or may .not bo 
in a flower but.« the presence of the Apdrceditm 
w^Gyitocium e^^r in the same or diffei^t flower 
enontiar for t^ t^roductioa of the plant, otherwiea 
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run the risk of being annihilated fro6n the surface .of the 
earth. The calyjf^nd thc> corolla no doubt .some 
purpose but that purpose is not the essential one^ For 
this the calyx and corolla are reguded as < Helping or 
Non-essential whorls, whereas the Andrcecium and the 
- Gynoecium on account of their immediate and' uiavoid¬ 
able necessity to the plant are regarded 1 as essential 
whorls of a flower. 

A 

• ^ 

The stamen has a slender stalk called a filament 

and a terminal part called Anthar which bears the 

pollensacs containing pollcngrains. The filament at its 

terminal part bears a structure called connective joining 

the nntherlobes. The carpel consists of a swollen basal 

part called ovary l>earmg a slender part known as the 

style and the terminal part called the stigma. The 

■ ovary gets a .stimulus on the ovum being.fertilised by male 

gamete produced by pollra-grain' and the globular bodies 

within an ovary known as ovules ultimately form the 

seeds. 

* 

Thus it is found that a flower is a collection ' of 
sporophylls, either microsporophylls or stamens or 
megasporophylls or carpels or both, which are specialised 
and localised leaves for spore production (micrmipore or 
pollen^grain; megaspore or embryosac) and these may 
■or may not he surrounded by accessory sets of floral 
leaves such as perianth or calyx and corolla. > The 
sporophylls are inserted on a condensed axis called the 
. thalamus and are arranged either in spirals or in whorls. 
{After Prof. S. N. Banerjee of Calcutta Umversit>’) 
In 11176, Nehemlal Grew first suggested that '1^ 
.<«ttimena . and carpels are the male and fctnale cngana^ 
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fes|M^jtiveIy of plants. In lCti4. Camerariiis really 
discovered sex in plants. 150 years after this, the Swedish 
botanist, Carl Linnaeus^ accepted the work of Camera- 
rids iuid them the basis^^ef classifying the 

shetihatophyta. 

The flower is regarded as a modified shoot on 
account of the following reasons: — 

(1) It shows the colour and structure of ordinary 
loliage leaves in the sepals and petals e.g. Water-lily. 

(4) The phyllotaxy resembles the ortlinary phyllotnxy 
of leaves. Most flowers .show whorled phyllotaxy but 
spiral arrangement is found in W'atcr-lily, Cactus etc. 



Flower of G^noDdropeis flowing , 

node and intemode 

« * 

(S) Flower buds arise in the axils of bracts. 

(4) Nodes and inter-nodes although much suppressed 
sometimes are distinctly visible €.g., Gynandropsis penU- 
phylU (Hurhure), Passion-flower (Jhumkolata). 

. ^5) Sometimes the flowering axis after producing the 
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reproductive organs is continued into a leafy shqot 
Pear, Rose. 

(6) In some cases as American Aloe, some' df 'tbe 
flowers of the inflorescence are modified into leaif-buds 
•called bulbils for v^ctative propagation. 

' / 

• \ : 

Definitions— • • 


When the sepals and petals are not distinguishable 
from one another, the whorls are known as Perianth. 
The Monocots usually have a perianth. e.g.,. Tube rose 
(Rajanigandha). The perianth-;might have one or more 
whorls, e.g., Champa (Michelia). 

When the four whorls are present in a flower, the 
flower is said to be complete. When one or more of the 
whorls are absent, .the flower is said to be Incomplete. 
When either the Calyx or Corolla is present in a flower, 
the term Monochlamydeoas is/Used e.g., Composittc. 

When both calyx and' corolla are present, the flower 
is said to be Dichiamydeoas e,g.. Rose. 

When there is absence of both calyx and corolla, the 
flower is said to be Achlamydeous e.g.. Piper betlc 
(Pan). 


When Jmth stamens and carpels nre present in a 
flower it is said to be Hensaphrodiie, bisexual or 
monoclinoii& If either the stamens or carpj^ are 
present the flower is said tp be nnmexaal or 

'Sometimes rile flower beats on^ sUlheflr ^-^rpels, 
the'former is c^Ied Staminate flower'and"’the-Iait^ is 
known ar-'PtetHUtf'flbwm*. The plant is moritfc^ious 

staminate and pistillate ^ flowers are borne by 
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the same plant. The plant Is dioedOQS if either kind of 
flowers is borne by a plant t.e.V either male or feniale. 
If both unisexual and hermaphrodite flowers occur on the 
same plant, it is said to be Polygamous'Mango. 

When the sepals and petals are equai ^^uirtize in 
their respective whorls, the flower is regular. If the. 
size differs among members of the calyx and corolla in 
their respective whorls, the flower is irregular. 

If there it a single plgiic which divides- the flower 
into two equal halves but not more, the flower is said 
to be Zygomorphic. i 

If there is an indefinite number of planes which can 
divide the flower into equal halves, the flower is regarded 
as Actinomorphic. When the flower cannot be divided 
In any plane without losing symmetry, the flower is said 
to be Asymmetrical. 

When the sepals, petals, stamens and carpels agree in 
their number or any multiple thereof, the flower is said to 
beTsomerous. If the number be two or any piultiple 
.there<d, the flower is dimerous, if three trimenms, it 

four tetramerous, if five pentamerons and so on..; 

% 

When there is no agreement in their number,' the 
flower is known as Anisomerous. 

Usually the flowers' are identified frohi the numbly 
of sepals, petals etc. Trimerous nature is seen antdng 
Monocotyledons while ^Rtamerous form prevails among 
.Dicotyledons This rule has many exceptions; thorefpre 
it.should npt be much, relied upon. .. : 

•' ■ Whan’ the flower ^dws the menib^ U> bd'KtfikngcId 
in the form of whorls, the flower is calledl^C^llli 
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whorled, if the members are arranged spirally it is^ 
known as Acyclic. The side facing the stem is known, 
as Posterior and the aide away from the stem is knowir 
as the Anterior side of the fiower. 

Hypogynous. Perigynous and Epigynous flowers— 

% 

When the ovary is placed at the top of the thalamus 
and the sepals, petals and stamens arise below it, the 
flower is Hypogynous and the ovary is superior e.fi. 
T^tus, Brinjal, Mustard, Magnolia. 

If the sepals, petals and stamens arise round the neck 
of the ovary, the flower is Perigynous. The ovary is 
here superior e.g., Rose,..Pea. 

When the sepals, petals and stamens arise from the 
top of the ovary, the flower is Epigynous. The o>'ary 
is inferior e.g. Sunflower, Guava, Cucumber, Gourd. 

Calyx— 

The outermost whorl of a flower is known as Calyx~ 
The individual parts of the calyx are known as Sepals. 
The sCpals might be free from one another, when they 
ate known jis PolysCpalous. If the sepals are united to- 
form a tul^, they are known as Gamosepalous. The 
number of sepals is made out by counting the number of 
teeth. 

The sepals sometimes fall off as soon as the immediate- 
function is performed, it is'then known as Deciduous.. 
Sometimes the calyx rcouins even after the fruit haa 
jdevrioped from the fiower, it is then known asPerslstent. 
as m. Bcinjal, DiUehia (Chalta). 
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The calyx of the Gamosepalous type may be :— 

(I) Tubtdar, when it is tube-like e.g.. Datura. . 

(i) Belt-shaped, when it looks like a hell e.g., 
China rose (Jaba). 

(3) Hair-like called Pappus e.g., SunHower. 
Corolla— 

The corolla is generally highly coloured e.g., red, 
yellow, etc., and the individual members arc known as 
Petals. Each petal consi.sts of a narrow base known ns 
Claw, and a broad upper part known as the Limb. The 
petals when united arc known as Gamopetaloiis, while 
the petals when free are known as Polypetalous. 

The polypetalous corolla may be :— 

(1) Rosaceous, when the }K'tal.s have small or no 
claw eg.. Rose. Tea. 

(2) Cruciform, when four petals arc arranged in 
the form of a cross e.g.. Radish, Mustard. 

(3) Papilionaceous, when the petals are irregular, 
five in number, and one of which is larger than others. 
The largest petal is posterior and is called the Vexillum 
or standard. The two petals situated at the sides are 
known as Alae or Wings. The two petals situated 
anteriorly form a boat-shaped structure called Keel 
or Carina e.g., Pea. Papilionaceae, Bean, Clitoria 
(Aparajita). 

Gamopetalous corolla may be : — 

(1) Tubular, when the petals foitn a tube- e.g., 
florets of Sunflower. 


12 
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(3) Campanulate or Bell-shaped e.g., Swarnblata, 
Gooseberry (Tepari). 

(3) Rotate, if the tube is short but the limbs are 
spreading e.g. Brinjal, Periwinkle (Nayantara), Night 
jasmine (Shcphalika). 

(4) Labiate or Bilabiate, when the petals are 
irregular and generally form a two-lipped structure e.g., 
Ocimum (Tiilsi), Leonurus (Drone). 



m-AlLst 
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Mower with papilioiiareous corolla. 


(5) InfundibuHform or funnel-shaped when the 
corolla is shaped like a funnel i.e., gradually spreading 
outwards from a narrow base as in Datura (Thorhapple), 
Water bindweed (Kalmi-sak). 


(6) Personate or masked where the corolla rs two¬ 
lipped .but the lips almost touch at the throat of the 
ecorolla as in Lindenbergia (Baaanti). 


FLOWER 


171 

(7) Ligulate or strap-shaped when the corolla is 
Hattencd and strap-like as in the ray florets of Sunflower. 

Corona— 

Sometimes the throat of the corolla shows an out¬ 
growth of scales, lobes or hairs, which are called Corona 
as in Passion-flower, Oleander (Korabi). 
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AESTIVATION. 

The arrangement of petals and sepals in a flowerbud 
is called Aestivation as compared with Vernation which 
is an arrangement of foliage leaves in a bud. They may 
be :— 

(1) Valvate—when the sepals or petals lie very 
close but do not overlap as in Custard apple (Ata), 
Lemon, Artabotrys (Kantali-cbampa). 

(8) Imbricate—when the margins overlap each olhcr 
e.g., Poppy, Cassia (Kalkasunde). 

(3) Vexillary—when the vexillum encloses other 
petals in a papilionaceous corolla e.g.. Pea, Bean. 

(4) Twisted—as in China rose, Cotton. 

Andraecium— 

The collective name of the stamens is Andraecium. 
The stomens contain within them the pollen-grains or 
microspores which ultimately bring about certain drastic 
changes leading to the production of seed. Each stamen 
has three distinct parts e.g., a fine slender stalk called 
Filament, a knoblike head called Anther bearing two 
lobes. Each lobe contains two pollensacs carrybig a 
number of polleograins. The two lobes of the anther 
are connected by a structure called the connective. 
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The attachment of the filament to anther may be in 
the following forms : 

(1) Dorsifixed, when the filament is attached to the 
connective at the back of anther e.g.. Passion-flower. 

(2) Basiflxed. when the filament is attached at the 
base of anther e.g., Mustard, Waterlily. 

(8) Versatile, when the anther freely moves to and 
fro at the end of the filament e.g.. Grass, Spider Lily 
(Crinum). 

(4) Adnate, when the filament runs from the base 
to the apex of the anther c.g., Michclia (Champa). 

Definition — 

The union of similar parts is known as cohesion 
e.g., stamen with stamen. The union of dissimilar parts 
is known as adhesion e.g., petal with stamen. 

The stamens are usually free but sometimes they 
cohere with one another. The stamens may form one 
bundle when they are called Monadelphous e.g., 'China- 
rose. If they form two bundles, they are known as 
Diadelphous e.g.. Pea. If they form more than two 
bundles they arc called Polyadelphous e.g.. Orange, 
Castor oil. 

When the cohesion is confined to the anthers, the 
filaments remaining free, the condition is known as 
Syngenesious e.g.. Sunflower. 

If there are four free stamens in a flower of which 
two are long and two are short, they arc kno<vn as 
Didynamoos, «.p.. Ocimum (Tulsi), Labiatce. 
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When the number of stan^ns is six of which four 
are long and two are short, they are known as Tetra** 
dynamous e.g.. Mustard, Crucifers. 

If the stamens adhere to the corolla tube as if they 
arise from the petals, they are known as epipetalous 
e.g.. Datura. If the stamens unite with the pistil, it is 
gynandrous e.g., Calotropis (Aknnda). 

When the anthers arc ripe, the policngmins come 
out by bursting the anther iii various ways: — 

(1) By valves e.g., Tejpat, Cinnamon. 

(€) By pores e.g.. Brinjal, Potato. 

% 

(3) Longitudinally e.g., Shoeflower. Datura. 
Gynoecium or pistil — 

The gynoecium or pi.stil is the collective na?ne of the 
last whorl of a flower. The pistil may be composed of 
a single carpel or a number of carpc'ls. The pistil has 
got three parts, a more or ]es.s swollen ba.sal part called 
the Ovary, a tube-like middle part called the Style and 
a sticky upper part called Stigma. The female cell is 
situated inside n globular b<idy called Ovule attached to 
the ovary., There may be a single ovule inside an ovary 
or a number of ovules. The pollen-grain comes to He 
on the stigma and then it passes by means of n tube to 
the ovule. Inside the ovule, we get the female cell-called 
Oosphere or Ovum. 

When the ovary is composed of a single carpellary 
leaf i.e., when the margins of a carpellary leaf unite to 
fprm the ovary, it is known as Monocarpellary. The 
' margins! unite to form the ventral suture and the correa- 
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ponding midrib lorms the dorsal suture. The chamber 
is called the Loculus or cell. 

If there is a single carpel and the ovary is formed 
by the margins uniting to form a chamber, it is called 
Apocarpous (single) gynoccium. If the carpels remain 
separate in a mtilticarpellary ovary, it is known as Apo¬ 
carpous (Multiple) gynoccium c.g.. Rose. Ix)tus. 

When the carpels instead of remaining separate unite 
to form a single structun*. it is known as Syncarpous as 
China rose. 

The syncarpous ovary may be composed of two, 
three, four clc., and ar<' accordingly termed bicarpellary^ 
tricarpellary etc. If the carpels unite by their margins, 
then the eetilral chamber is single btjl the margins might 
project inside the chamber to divide it into two. three etc. 
loculi. 

Placentation — 

The oviiles remain nlUiched inside the ovary by a 
special tissue which is known as Placenta. The 
arrangement of the placenta is known as Placentation. 

It may be : — 

(1) Parietal, when the ovary is sync.irpou.'' (Iavo 
t>r more carpels) and the ovules arise from the united 
carpellary margins e.g.. Gourd. Mustard, Poppy. Papaw. 

(3) Marginal, when the ovules arise from the 
margins of a monocarpcllary ovary e.g.. Pea, Bean. 

(3) Axile, when the margins inside a syncarpous 
ovary approach the central axis dividing the ovary ini,o 
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several chambers and then the ovules appear to develop 
from the central axis. Such placentation is called Axile 
e.g.. Lemon, Orange, China rose (Jaba), Potato. 

(4) Free-central, when the partitions in a syncarp- 
ous ovary disappear and the ovules arise from the central 
column e.g.. Pink flower. 

(4) Basal, when there is a single erect basal ovule 
arising from the terminal point of the thalamus e.g.. Sun¬ 
flower. 

(6) Superficial, when the placcnte develop all round 
the inner surface of ovary e.g.. Water-lily. 

Forms of ovules — 

The study of the forms of ovules may be preceded 
by a brief description of the structure. The stalk of the 
ovule is known as the funicle. Hilum is the point of 
attachment of the stalk of the ovule. The tissue which 
is foun<l inside the ovule is known as Nucellus and the 
covering of the ovule is in the form of two integuments. 
There is an opening at the apex of the ovule which is 
called the raicropyle. At the base of the nucellus and 
the integuments, the structure which is not clearly dis¬ 
tinguishable is known as the chalaza. There is a large 
structure embedded in the nucellus towards the micro- 
pylar 'end called the Embryo-sac. The embryo-sac 
gradually develops by division of the nucleu.s—8 ^nuclei 
which collect cytoplasm and form 7 naked cells. Towards 
micropyle, three cells are found called the egg-apparatus; 
one of which is the female gemete called the ovum or 
ooBphere (c^-cell) and the other two are the 
synergidae or helping cells. Three cells lie opposite the 





micropyle calied the antipodal cells. In the middle of 
the embryo-sac, the remaining two nuclei fuse to form 
the Secondary nucleus. 

Ovules may be :— 

(1) Atropous or Orthotropous, when the micro¬ 
pyle, funicle and the chalaza, all lie in the same straight 
line e.g., Pine, Betel (Pan). 

(2) Anatropous, the funicle runs parallel with the 
inverted ovule t.e.. the chalaza and the micropyle lie in 
the same straight line and the ovule is situated by the 
side of the funicle e.g.. Bean. 

(3) Campylotropous, if the ovule curves and the 
micropyle and the chulaza ore not placc<l in the same 
line e.g., Krisnakali, Mustard. 

(4) Amphitropous, when the ovule is at right 
angles to the funielo and the chalaza and the mieropj Ic 
lie in the same line e g.. Poppy. 

Pollination and Fertilization - 

The transfer of the mature pollen-grains from the 
anther to the surface of the stigma is known as polli¬ 
nation. 

Pollinalion is effected by various ways. Pollmatiou 
■ is essential fur a flower because the production of seed 
is dependent on this transfer. Th«* poUcii-grain when- 
transferred to the stigma sends out a tube which carries 
within it, the male cell to fuse with tlie female cell 
lying within the ovule. 



!, When the poUen-grain of the same flower is polli¬ 
nating the stigma, the process is known as self-pollina¬ 
tion. If the pollen of one flower pollinates the stigma 
of another flower of the same species, the process is 



known as Cross-pollination. As the pollination is 
directly concerned with the production of seed, certain 
essential changes proceed in the interval. The male cell 
unites with the female cell and this process of union is 
known as fertilization. 

Self-pollination and Crras-pollination — 

There are advantages and disadvantages in both 
the processes. In self-pollination, the characters of the 
identical flower are perpetuated i.e„ the same conditions 
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arc available for the plant. The a<lvautagc is that the 
chance is very great for pollination. In cross-pollination 
the characters of different individuals are available so 
that the future plants are much more healthy and strong. 
The disadvantages are that a considerable portion of the 
material of the plant is spent to make room for adopting 

• 

contrivances namely colouration of the flower etc. and 
the chances of ]X)IHnation become remote. If for any 
reason, the pollinating agents fail to discharge the pollen 
on the stigma. 

Pollen-grains cannot move by Ihcm.selves so that in 
cross-pollination, they have to be carried by different 
agent.s namely water, wind, insects, birds etc. 

Flowers that are pollinated by insect.s, arc known a.s 
entomophilous flowers r.g.. Shoeflower (Jaba). Lotus. 

Flowers which receive the pollen tlirough water are 
known as hydrophilous e-y.. Vallisneria. 

Flowers which are |>oiliiiated through wind arc 
known a.s Anemophilous, e.g.. Grass. Flowers that arc 
pollinated by birds are known a.s Ornitho-philous e.g.. 
Silk-cotton tree (Simul). 

The next step after the deposit of pollen is fertili¬ 
zation. The union of male cell or gamete ndth female 
cell or gamete results in fertilization. The fertilization 
•gives a stimulus which is shown by activity of the 
surrounding parts namely the changes undergone by the 
ovary. In the higher plants such ns Angio.spcrms. the 
pollen-grain germinates on the stigma and sends out n 
tubc-like structure carrying within it the male gamete 
and finally passes through the style to the micropyle of 
the ovule. 
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The ovule contains within it the female gamete or 
oosphere besides other c^ls which serve as guiding 
structures. The male gamete unites with the oosphere 
to form the oospore. The oospore gradually develops 
into an embryo. 

The ovules after fertilization become the seeds en> 
closed in the case called the fruit. The other structures 
namely the sepals, petals and stamens generally wither 
away. Occasionally however, some parts might grow 
with the fruit. 
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FRUIT. 

The Fruit is derived from the ovary as a result of 
fertilization of ovule. 

The fruit may be formed from the ovary only or 
other parts of the flower may take part in its formation. 
There are two kinds of fruits, those that are derived from 
the ovary only are known a.s True fruits e.g.. Mango. 
Those that are derived from the ovary together with 
some other parts are known as False fruits e.g.. Pine¬ 
apple, Ro.si', Dillenia (Chalta). 

Sometimes fniits arc fleshy. The wall of the fruit 
is known as Pericarp. The pericarp .shows different 
layers and in mango, the pericarp is differentiated into 
three parts. The uppermost skin-like ^art is known as 
epicarp. The middle fleshy part is called the meSocarp. 
It is fibrous in cocoanut and forms fleshy edible portion 
in mango. The hard stone within is known as endocarp. 

Fruits are classified into three cla.sses : — 

(1) Simple, («) Aggregate and (3) Collective 
or Multiple. 

Simple fruit is generally derived from a .single ovary 
with one carpel or from syncarpons miilticarpellary ovary. 

(2) Aggregate fruit is derive<l from a single, ovary 
with apocarpous pistil. 
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(3) Collective fruit is formed from a group of flowers 
and other parts might grow with the fruit. 

4 

Simple fruits — 

Simple fruits are divided into two groups: — 

(1) Dry fruits, in which the pericarp is dry and 
membranous. 

(2) Succulent fruits, in which the pericarp is fleshy. 

Dry fruits may be :— 

(а) In dehiscent, where the pericarp docs not ru]>- 
ture to disperse the seeds. 

(i) Achene> one-sceded and the fruit arises from a 
superior ovary and the pericarp is membranous c. g.. 
Clematis (Chagalbati), Sunflower. 

(ti) ^ryopgl^ one-seeded and the fruit arises from 
a superior ovary but the pericarp and testa arc closely 
attached e.g., Paddy (Dhan), Wheat, Barley, etc. 

(m) ^amara, one or two-seeded; pericarp bearing 
a wing-liice outgrowth e.g., Shorea (Sal), Hiptage 
(Madhabi-lata). 

(^) Schizocarp, carpels two or more; united e.g.. 
Carrot. 

(v) Nut, a hard, one-seeded fruit, genorally from, 
a compouncr ovary e.g.. Oak. 

(б) pghiscenL when the pericarp bursts down to 
distribute the seeds. 

(t) Follie le, the fruit consists of a single carpel and 
t^e dehiscence lakes place along the ventral suture e.g.j 
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Nerium (Karabi), Michelia champaca (Champa), Peri¬ 
winkle (Nayantara). 

(u") Legume or _ POd* the fruit is monocarpellary 
but dehisces from both ventral and dorsal sutures e.g.. 
Pea, Bean. 






(m) C apsu le, the fruit is derived from a syncarpons 
ovary e.g.y Cotton, Datura. 


(tv) Siliqua, dry. long, fniit derived from superior 
bicarpellary ovary. It dehisces from below upwards e.g.. 
Mustard. 


Fleshy or Succulent fruits — 

Succulent fruits are generally with a pulpy mass and 



. Drupe—Mango. 

differentiated into three more or less distinct. layers. 
They do not dehisce. 
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(0 Drupc» the fruit shows a fleshy pericarp having 
a thin outer epicarp, a succulent mesocarp and a hard 
ciidocarp. It is one-seeded and derived from a single 
carpel e.g.. Mango. 

(it) Berrgi the ovary—wall is fleshy and encloses 
one or more carpels and seeds e.g., Gra])e. Tomato. Date, 
Plantain, Brinjal. 



(а) Pepo, the fruit is a berry with hard rind e g . 
Cucumber, Goup^^ Water-melon (Tarmuj). 

(б) Hesperidium, a type of berry with a leathery 
rind e.g.. Orange, Lemon. 

(ill) Pome, it is derived from several carpels; recep¬ 
tacle is fleshy: outer portion of pericarp is fleshy an<l tlie 
inner portion is papery e.g.. Pear, Apple. 

Aggregate fruits — 

The aggregate fruits are derived from apocarpous 
pistils. The fruits are so to say collection of simple fruits. 
The term etaerio is used for them. Thus there may be 
ctaerio of achenes. drupes, follicles; rose, lotus etc. 

Collective fruits or Multiple fruits — 

Somethnes the whole inflorescence may be converted 
in|o a single fniit. It is also called an Infructescence. 
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(*) Sorosis, the whole inflorescence with the fleshy 
axis is converted into a single fruit e.g.. Jack-frgit 
(Kantal), Pineapple. 

(w) Syconiis, when the jug-shaped thalamus bearing 
a number of flowers, is converted Into a fruit e.g.. Fig. 
Banyan. 



Pinea ppl<s—Soroi^is 


(hV) Cone, when the scales also take part in the 
formation of the fruit and looks like a cone e.g.. Pine. 

Dispersal of fruits and seeds — 

The fruits and seeds require that distribution should 
take place in as far lands as possible, There are various 
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ways whereby such distribution is helped. Plants distri¬ 
bute their seeds in order to prevent congestion, of too 
many plants in a limited area. The means adopted by 
plants arc : — 

(J) Wind, (<) Aninuds, (3) Water and (4) Human 
agency. 

Wind,—the plants which distribute their fruits and 
seeds through wind cither tlevelop wing-like outgrowths 
or bear pappus or develop hairs. Fruits of Iliptage 
(Madhahilata) <lcvelop wings, the sepals of Shurca (Sal) 
act as wing.s in fruits; seeds of horse-radish (Snjiiia) have 
wing.s. 

Animals,—sometimes seeds adhere to\niinals either 
through .some hook-Iikc structures or they may eat the 
fruits without digesting the .seeds which in the meantime 
81*0 carried to a distance and when the seeds leave the 
alimentary canal, are more fit to germinate e.g.. Plum, 
Banyan and Date-palm are distributed in the above 
manner. 

Water,—current of water carries the seeds to long 
distance.s and ultimately deposits the seeds to grow on 
the shore e.g., Cocoanut. 

Human agency,—human beings take fancy over 
ceftain> fruits and carry them to long distances and thus 
help in the distribution of seeds. 
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HISTOLOGY OR ANATOMY OF PLANTS. 

The Vegetable Cell — 

• 

The study of plants with the help of a special iuslni- 
ment called microscope revealing the minute slnicUirc 
is ojilletl histology. There are very minute units which 
group to form the body of a plant. Orrlinnrily. a thin 
slice from any part of a plant when placed umlor the 
microscope .shows that there arc brick-like structures 
which are known as cells. Plants may be composed of 
a .single cell or a nunjber of cells. Plants like the rose 
arc com{K)scd of millions of cells. A single cell might 
perform all the duties performed by different organs of 
a highly develop<'d plant like the pea or maize. Proto- 
coecus and Plourococcus arc examples of unicellular plants. 

Vegetable Cell — 

The cell of a plant generally shows a definite limiting 
membrane called cell-wall enclosing within it a bit of 
living matter culled protoplasm. The protoplasm is a 
general name which includes all structures found within 
the ccll-wall. There is a highly specialised bod;v called 
the nucleus. The nucleus is generally placed at tiie 
'centre of a cell. The mass of pnitoplasm outside the 
nucleus is known as cytoplasm. There are some round 
bodies in the cytoplasm called plastids. According to 
recent researches, food is stored up inside the cells from 
the very beginning which may be in the liquid form in 
special small cavities called vacuoles. The vapuoles are 
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filled with cell sap. The oltler theory was that vacuoles 
are formed in old cells as a result of active growth. 
Some special bodies called mitochondria arc found in the 
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cytoplasm in the form of rods. Special stains reveal a 
ifet-like structure of yet another minute body in the cell 
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called the Golgi-body. The presence of golgi-body has 
recently been disputed. 

Thercfofe a typical plant—cell has a definite cell- 
wall, nucleus, cytoplasm, plastids, mitochondria, golgi-body 
and vacuoles. 

Ve^tublc cell 





The cells are regarded as the structural and functional 
units of the plant-body. 

The living cell-contents— 

Protoplasm (proto8 =first; plasma=anything form¬ 
ed. Sec Chapter IT, page 7). 

A unit or independent mass of protoplasm as found 
in a cell, is known as the Protoplast and is differentiated 
into (a) cytoplasm, (6) nucleus and (c) plastids. 

The term protoplasm was used by a human physiolo^t named 
Purkinje in 1840 for the gninulax substance of the animal o^'um. 
In 1844, Von Mohl desi|$nated the living substance of the plant-cell 
as protopiosQi. Between 1844 and 1855. the identity of plant proto¬ 
plasm and onimid protoplasm was established. 

Plastids— 

These are spherical bodies found in the cytoplasm 
of- vegetable cells. They are living structure^ and aVe 
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always formed by division from the pre-existing ones. 
Pla.stids are absent in fmigi. There arc three types of 
plastids e.g., (1) Chloroplastid or Chloroplast or green 
plastid. (S) Chromoplastid or Chromoplasi and (rl) 
Leucoplastid or Leucoplast. 

(1) Chloroplastid—These arc fonnd in green parts 
of plants. The green colour called Chlorophyll i.s .stored 
in the plastid nn<l hence the name. It is essential for the 
purpo.se of photo-synthesis. Chlorophyll is associated 
with two other pigments called Xanthophyll (yellow) 
and Carotin (orange-red). The movement of cytoplasm 
is evident from the plastids of Vullisnerta leaf. Really 
the plastids do not move but the medium e.g., cytoplasm 
is moving. 
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(2) tlhromoplastids or chromoplasts—These 
bodies are generally found in the coloured parts of plants 
speciallj^ the petals of flowers. They contain yarious 
colours e.g., yellow, red etc. 

(3) IjOacoplastids are colourless (white) plastids 

and are generally found in parts not exposed to light e.g., 
underground stems and roots. They convert sugar into 
starch.. The plastids are formed from other plastids 
(division) which were already in the cells. • 
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NUCLEUS. 

The nucleus is the highly differentiated structure in 
a cell. It is more or less rouml. 'I'hc nucleus has a waH 
called nuelonr inemhi'ane. The central part of the 
nucleus shows one or mure round bodies called nucleoli. 
Its structure is net-like and is called nuclear reticulum 
consisting of threads callctl linin. The whole sLiueturc 
found within the niicli'iis is called nucleoplasm. In the 
nucleoplasm, there arc empty cavities filled willi nuclear 
sap and arc called nuclear sap cavities. 

Generally, a cell has a .single nucleus which is known 
as uninucleate condition hut then* are cells which have 
more than one nucleus which are called multi—nucleate 
cells. If a nucleus divides and forms several nuclei 
without developing partition—walls i.e., if a single cell 
has many nuclei it is called a coenocyte. In .some 
reproductive cells, multi—nucleate condition is-iound. 

The coiinjosition of nucleus is .similar to protoplasm 
i.e., almost all the elements arc found common to both 
and an additional amount of pho.sphorus is found in the 
nucleus. 

Function of nucleus— 

Nucleus is the most important structure in a cell. 
It directs all the activities of the cell. Nucleus has got 
some .stnictnres within it, called chromosomes which 
are visible when the cell divides and which are endowed 
witlr the property of carrj’ing heredilory characters. 
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Test for nucleus— 

* Iodine .solution stains nucleus deep brown. 

The cell-wall— 

Every vegetable cell has u wall compo.scd of a 
substance called cellulose although there arc some cells 
which arc naked i.e., without wall in the n^productivc 
stage of plants. The cell wall is regarded a.s a non-living 
structure as opposed to nucleus and cytoplasm which arc 
living structures of a cell. The cell—wall is a secretion 
of the protoplasm. It is permeable to water. Cell wall 
has a very important work to do. it preserves the shape 
of the cell. The cell wall thickens in various ways; — 

(o) Apposition —new particles of cellulose arc de¬ 
posited on the old wall in succession. 

(h) Intussusception —sometimes pnrtiele.s are de¬ 
posited inside the ohl membrane. 

(c), Superposition —when there are layers of cellu- 
lo.se deposit. 

Composition of cell-wall— 

Cclf-wall is composed of a substance called cellulose 
which belongs to the group of caritmhydrates, a'‘near 
relative of starch. The formula is (CaHioO^) n. Cellulose 
is the substance generally forming the wall of all higher 
plants but there is another substance called chitin which 
foi^s the cell-wall of plants belonging to the group of 
Fungi. 
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Tests for cellulose. 

(а) Treat a piece of cotton wool which contains 
cellulose with iodine and sulphuric acid, it swells up and 
tum.s blue. 

(б) Chlor-zinc—iodine gives it a violet colour. 

The thickening of the cell-walls takes place nol 
unifor*mly but generally thin |)ortion8 are left out for 
the entry of water and other dissolved substances. The 
cells become rigid as a result of such thickening and 
us.sist the plant to withstand all sorts of pres.surcs i.e.. 
they become mechanical tis-sucs of the plant. The cells 
Jose their protoplasmic contents and are dead. 

The cells thus assume various forms and are said 
to be :— 

(a) Annular—when the thickenings arc in the form 
of rings. 

(b) Spiral—when it assumes the form of a spiral. 

(c) Reticulate—when the thickenings by joining 
with one other, assume the form of a net. 

(d) Scalariform—when the thickenings assume the 
forms of a ladder. 

(e) Pitted—when cavities art' left by thickenings 
.spread over almost the whole surface. 

The pits often assume the form of two cbncentric 
circles when seen from the surface. A circular area of 
the wall remains unthickened. Such thickenings ai'e 
known us Bordered pits. 

’ Cell walls are modified from cellulose to serve other 
purposes which the exigency of situation devolves upon 
them. • 
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Tlio ordinary modifications arc : — 

(a) Lignin, (h) Cutin, (r) Suberin, (U) Mucilage, 

Lignin—the cells whosi* walls have lignin arc called 
ligiiified. This is hard and cliistic. It is the characteris¬ 
tic of wood colls and other strengthening cells of the 
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plant. It is able to absorb water but cannot retain 
within it, the absorbed water. 

Test—It turns brown to yellow with chlor-zine-iodine. 

Cutin—It is found on the outer surface of the 
epidemifs of plants. The cells having cutin arc called 
cuticularised cells. It Is slightly permeable to water. It 
protects the plant from various external factors. 

Test—^Turns bi'own with chlor-zinc-iodinc. 

* • 

Suberin—it is like cutin but is generally found in 
the internal structure of plants specially the cork cells. 
If is not permeable to water. 
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Mucilage — The cril whH often shows mncllngc on it. 
This is an adaptaLiou to fix the seed to the soil because 
in seeds of Linseed and Isupgul, the sta'ds when moistened 
absorb considerabh* guanlily of water ainl oolleet a 

soapy coating over them. 

* 

Test—Tuvjis l)lue with iodine and sulphuric acid. 

Mineral matters—Sometimes mineral deposits tif 
silica and calcium arc foiiml on the cells of ci>iderniid 
tissue which serve to strengthen the tissue and secondly 
when developed on spiny organs are meant for protection. 

CystoHth—These are developed on the walls of 
certain epi<lernial cells of the leaves of India-rubber and 
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Banyan trees. These are projections of the cell wall and 
not a cell content. It looks like a bunch of grapes 
hanging from a stalk. It is composed of inoi^anic orystals 
of calcium carbonate. * 
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Test—Adtl a drt)p of acetic acid to the section; the 
cystoliths become transparent and dissolve: bubbles of 
gas being given off. When the carbonate is dissolved, 
a mass of cellulose is left, showing concentric stratifica¬ 
tion and radial striation. 
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DIFFERENT KINDS OF CELLS. 

Cells assume different forms due to difference ip 
growth. When the cells grow at their ends, they are 
called prosenehyinatons colls i.e.. mon* or less long cells. 

If the growth is more or less equal in length and 
brcfulth />.. Iso«lianietric. it is called parenchymatous 
cell. A parenchymatous cell may he: — («) Rounil. 
{(>) Oblong, (c) PoIygiHial. ((/) Star-shaped, {c) Brick- 
shaped (/) Cylindrical. 

Cell Contents— 

The contents of a <-oll may he living eontonts or 
non-living. The pi'otoplasm con.‘*isting of cytoplasm, 
nucleus and plaatids arc* the living contents whereas the 
noji-living contents are the various n'si'rve |)roilucts or 
secretory or excretory })oilucts. The reserve .products 
are meant for the future use of the plants, the secretory 
products help in so>nc way the life-proee.sses of the plant 
and the excretory products are the useless products found 
as the result of metabolic procc.s,se.s. 

The reserve product.s may Ix' stareh. .sugar, glycogen, 
cellulose, innulin. protcids. fats and oils. 

Starch—is plentifully found in the plant moiv often 
in‘the form of reserve starch. The starch of ))otato is 
largely used by human beings. It is a carlmhydrate 
having the formula C,iILnO^. Starch is manufaotiyed 



198 


STttACH 


by^ chloroplasts and leucoplasts. Starch grains manu¬ 
factured by the former arc smaller than those by the 
latter. 

Starch grains have a centre called Hilum and strati- 
ficatons arc found around it which represent the mode 
of deposit of fresh material. When the strtifications 
are in the form of concentric lines roiind the hilum, the 
grain is concentric but when pushed at one end, it is 
excentric; example of the former is pea, and the latter 
is potato. When the grains are separate, they are 
called simple, when two or more are found attached, 
they are called compound but if a few common lines 
surround the grains, they are called half-compound. 




StATch grains 


Starch is insoluble in water and cannot be used by 
the plant unless converted info the soluble form. There 
is |iB active agent which converts starch info sugar and 
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places the food at the disposal of the plant through ^hfe 
intermediation of a starch-splitting enzyme. 

Test—Iodine solution turns starch blue. 

Sugar— 

Sugars are soluble in water and belong to the group 
of carbohydrates. Forms of cane sugar occur in the 
stems of sugurenne and in the roots of Beet. Grape 
sugar occurs in grape and in the fle.shy leaves of Onion 
bulb. 

Test—Fehling’s solution gives a brick rod i)recipitate 
with sugar. 

Glycogen is starch-liko carbohydrate found in Fungi. 

Test—lieddish brown with iodine. 

Cellulose—is a carbohydrate having the formula 
(C,iHioOs)n fojind plentifully in the seeds of Date, 
Cocoanut. 

Inulin—It is a carbohydrate found in the cell sap as 
a liquid. Occurs in Sunflower. 

Test—with absolute alcohol crystals are formed. 

Proteids or Aleurone grains— 

These are nitrogenous reserve food materyils. The 
proteid grains arc found in the seeds of Pea and Castor 
oil. In pea, the grain.s are small whereas in the castor 
oil seed, they are crystallised and fortn crystalloids. 
Crystalloids arc proteids and associated with them are 
globular mineral matters called globoids. 

Test—It turns yellow with nitric acid and potesh.^ 
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^ Fats and oils—These occur in the form of drops in 
the seeds of castor-oil, cotton, mustard etc., and in the 
fruits of olive. 

Test—^They turn black with 1% Osmic acid. 

Secretions— 

Various secretions arc found in the plant-body. 
The flowers secrete honey and through glands give out 
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odour to attract pollinating agents. The various colours 
of plants are also secretory products. 

Excretions—These arc bye-products of metabolism 
and occur either in isolated ducts or pas.sagcs mo.stly 
towards* the periphery so that with the secondarj' growth 
when bark is formed they are eliminated. Sometimes 
they give pro^ction to plants when they give annoyance 
■to intruding grazing animals in the form of bad smell. 
Excretion differs from secretion in that the former docs 
not help the plant directly. Examples of excretory 
filljjstances are resin fo\ind in resin' glands, tannins or 
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tannic acid in tamarind, tea, acacia etc., and alkaloids 
such as morphine in poppy, thein in tea, cocaine in the 
leaves of Erythroxylon, caffein in coffee and quinine in 
the bark of cinchona. 



Raphides 


Latex is found ns a milky substance in the stems of 
Akanda, in Mansa and Banyan etc. 

Sometimes ihineral matters are found which are 
inorganic salts of calcium oxalate in the form of raphides. 
When the raphides are needle-shaped, they are 'called 
acicular e.g.. Kachu (Colocasia), 01 etc. If star-shaped, 
they are called sphse-raiihides e.g., stem of beet. 

Cell Formation— 

Plants and animals are generally multicellular, but 
the cells are formed as a re.sut of division. Generally* 


U 
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;tLe plant has to begin its life as a unicellular structure 
just after the union of male and female gametes. The 
body of the plant or the animal is gradually formed by 
repeated cell-divisions. Sometimes new cells are formed 
not by the ordinary method of division but by modifica¬ 
tion of the structure already present. The commonest 
method which occurs in the body cells of plants and 
animals to form new cells is somewhat complicated and 
is known as Karyokinesis or Mitosis or Indirect 
method of division. (The term Karyokinesis is now 
seldom used). 

The different methods of cell division are;— 

(1) Direct method or Amitosis or fission or frag¬ 
mentation. The nucleus elongates after a projection has 
appeared, and afterwards cytoplasm surrounds each 
nucleus, a constriction separates the two independent 
cells e.g.. Bacteria, degenerating cells. 

(2) Karyokinesis, it takes place in the body cells 
of plants and is divided into four stages. The resting 
nucleus gradually forms a number of chromosomes. The 
nucleolus and the nuclear membrane disappear. 

In the second stf^gc which is called Metaphase, the 
nuclear spindle is fully formed and the chromosomes which 
are Vor TJ^shaped arrange themselves in the equator 
with their apices directed opposite to one another. The 
.chromosomes, in the metaphase longitudinallysplit. 
In the third stage, the chromosomes turn their apices 
towards the poles and travel on the threads of the spindle. 
This travelling phase of the chromosomes is Aa^pase. 
-The last phase is oafled the Telophase. Here the 
^cluomosomes aggregate a^the poles and reconstruction of 
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the nucleus begins, so that from the original cell, two u^< 
.cells arc formed* 

In karyokineaU^ there is longitudinal splitting of the 
chromosomes, so that each daughter nucleus receives 
the same amount of nuclear material. The chromosomes 
are very important structures as they are I'cgarded as 
the beai-ers of hcreditory characters. 

In summary, the furidamenUl feature^ of nuclear division (in¬ 
direct) is an equal cli\'ision of the cliromalin of t)ie nucleus, half of 
which is passed to each of the two daughter nuclei. Briefly what 
happens ia mitosis is, first the aggregation of the chromatin into 
recognisable chromosomes, the ro<l*Hha}>ed bodies ohaructcristic of the 
dividing nucleus. Next, the nuclear membrane disapi>cnrs and a 
spindle shaped structure whi(‘h in moat stained preparations seems to 
be composed of fibrils, appears in the cell. Following tlic formation of 
the spindle, the cliromaiomes urrange Lhemsdves ut the equator of 
the spindle, splitting lengthwise jusi before they assume this position. 
The fibres of the spindle appear to be attached to the chromosomes. 
This arrangement of spindle fibres and chromosomes suggests that tlie 
two halves of each chromosome arc pulled apart (according to others, 
the halvcfi of chromosomes separate owing to ropu)si>'e forces). Finally, 
these separated halves pass to the opposite poles of the spindle and 
form the chromatin mass of tlie new daughter nuclei. A cell-wall 
forms at the equqator of the spiudle, thereby separating tUo two new 
nuclei, each of which receives approximately one-half of the cytoplasm. 

The condition of the nucleus when not dividing is called the 
resting stage or interphase f.e., the pi*ase between divirions. In 
the ord^ of their sequence the phases are the prophase, the meta- 
phase, the anaphase and the telophase* The prophase k ll\e 
first phase of the division stage of the uudeu.s. It extends 4rom the 
fixBt change in the resting stage during which the chromosomes become 
recognisable entities to the beginning of the metaphase, or changing 
phase, during which the split cbroinoBomcs collect at- tlic equator of 
the spindle. The anaphase or going bock phase, is characterised by 
tho passage of the separated halves of the chromosomes to the position 
of the two Dew nudei. In the telophase or last phase the chromo- 
somes are conaolidaied into the new nuclei. The activity of the 
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di/kliiig ste^ gradually mjbtfdes during the telophase and fin^y 
appears to cease alt4^ther. At this ponod of the teloi^iase, the last 
phase of the dividing stage ends and the nucleus is said to have 
resumed its resting stage or, as some authors designate it, the interphase. 

(3) Reduction divieion or Meiosis. 

This type of division is confined to reproductive 
organs of plants and animals. This means that the 
original number of chromosomes is reduced to half. A.s 
a result of union of male and female cells, two nuclei fuse 
together, if the number of chromosomes is not reduced, 
then every union means the doubling of chromosomes and 
ultimately the number would have been infinite so 
reduction is absolutely necessary before unio>n of cells 
takes place. 

(4) Free cell formation. 

In free cell formation, the nucleus divides by 
Karyokincsis into two, but the partition separating the 
cells does not appear, instead the daughter nuclei again 
divide so that a large number of nuclei arc formed in 
one cell. These nuclei collect some cytoplasm with each 
so that a number of naked cells are formed. 

Ex.—formation of endo.sperm of seeds. 

(5) Budding. 

In budding an outgrowth appears which in its turn 
bears another so that a chain is formed. 

Ex.—Yeast. 

Formation of new cell without division of iC' pre- 
listing celL 

(6) Conjugation. 

Two similar gametes unite together to form the 
{ygospore. Nucleus fuses with nucleus and cytoplasm 
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with cytoplasm. The zygospore secretes a wall round 
itself. 

Ex.—Conjugation is found in Mucor, Spirogyra etc. 

(7) Fertilisation, means the union of male and 
female gametes i.e., the gametes are dissimilar. As a- 
result of fertilisation, an oospore is formed. The common 
name both for oospore and zygospore is zygote. The 
oospore secretes a wall round it. Fertilisation occurs in 
the Moss, Fern etc. 

(8) Parthenogenesis, when the female gamete with¬ 
out fertili.sation behaves like a zygospore. The process 
is called parthenogenesis. 

Ex.—Spirogyra. 
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TISSUES. 

A tissue is a collection of similar cells adapted for 
a particular function. There are various tissues in the 
plant, performing different functions. Tissues are mainly 
divided into two groups:— 

(a) Meristematic tissues an<l (h) Permanent 
tissues. 

a. Meristematic tissues— 

-Meristematic tissue is composed of cells capable of 
further growth and divi.sion which arc generally found 
at the growing point of root or stem. The growth of the 
meristem of the apical portion of the root or stem results 
in the increase in length of the structure. After some 
growth, has taken place, the meristematic tissue assumes 
the permanent condition. The kinds of n^istematic 
tissues are ; — \ 

(1) Primordial meristem—the apical cell found at 
,the apex of the root or stem often gives rise to the 
meristematic tissue. This is the originator of the meristc- 
matic tissue. In phanerogams, a group of initial 'cells 
develop into the meristem. 

(2) Primary meristem—the primordial meristem 
develops into the primary meristem consisting of derma- 
togen; periblera and plerome beginning from the out> 
side. In .the case of the growing point of the stem, the 
dermatogen develops into the epidermis, the periblem 
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into the cortex and the plerome into the central cylinder; . 
Some of the cells of plerome are long and specialised and 
give rise to procambium strands which develop into the 
vascular bundles. In the case of the root, there is fin 
additional layer called the region of root-cap or calyp- 
trogen in addition to the three layers. 

(3) Secondary meristem—sometimes the permanent 
tissues .specially of the cortical part in stem become 
meristcmatic and in the root in the it'gion of the pericycle ; 
there is also the formation of the secondary meristem in 
the stelar region as a ri'sult of which wood and bast cells 
are cut off. This development of meristematic tissue in 
the permanent region is called secondary meristem. 

b. Permanent tissues— 

Permanent tissue has assumed a form which does 
not change and is incapable of further growth. The 
permanent tissues may be divided into :— 

(1) Cellular, (i) Vascular, (3) Latlciferous and 
(4) Glandular. 

Cellular— 

The cellular tissue may be composed of parenchyma 
Of prosenchyroa . Parenchymatous cells are more or less 
isodiametric. These cells arc composed of celk^^e cell- 
walls and are thin-walled. They may be:— 

(а) Chlorenchyma, or ti^ue having chlorophyll in 
their cells. These cells occur in the leaves. They are 
kntfim as photo-synthetic cells capable of manufacturing 
OTgamc food. 

(б) Aerenchyina, this tissue occurs in water-plants,' 
having'large intercellular spaces. The air whicl^ j»; con- 
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tained in the large spaces give buoyancy to the plant. 
It occurs in root, stem or leaves of water-plants. 

(c) Cdllenchyma* these are parenchymatous cells 
but arc thick-walled at the comers of cells, generally 
occuring in the cortex. These are found in herbaceous 
plants and give strength to them. Chloroplastids might 
occur in them. 

(d) Wood parenchyma^ occurs in the secondary 
wood of Dicots. They are lignified tissue and arc thick- 
walled. Proscnchyma consists of long cells and are 
generally associated with the conduction of water. 

Sclerenchyma are dead cells and consists of either 
parenchyma or proscnchyma. The walls are lignihed. 
Hard bast and wood fibres are composed of sclerenchyma. 
They give strength to the plant. 


(2) Vascular— 

These consist of vessels t>., cells which have lost 
their partition-walls and have fused with one another. 
Fundamentally, there are two kinds of vascular tissue, 
one is xylem a^tM^eal tissue or^ hadrome and the 
other'is the Sieve tissue os-Phis— or Leptome. The 
xylem carried the water and dissolved food-matters from 
the soil to the leaf, the phloem translocates or transfers 
the pr^red organiejood from the leaf to different parts 
of the plant.' Xylem'^ of trachetB or trackeides 

with parenchyma a|^ jbittfeachyma. 




The vessel which is formed by the 

d^^auisatiefl vi, ••ime partition-walls of several cells. 
Tr«^|U||| is a single elongated cell. The wall of irachev 
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or tracheides may be pitted, annular, scalariform, reti¬ 
culate etc. 

Xylem has twofold function; (1) Conduction of 
water and (2) Mechanical support. 

Phloem, consists of sieve tubes and companion cells. 
The cells are thin-walled and are provided with sieves 
so that they are called sieve-tubes. The sieves are per¬ 
forations which form callus in winter but dissolves in 
spring. They are rich in prbteids, carbohydrates and 
other organic food. The sieve-tubes are the channels 
through which food is sent to different parts of the plant. 

(3) Laticiferous tissue— 

V* These cells give out a milky jdice or watery juice 
called latex. The juice is regarded by some to be an 
excretory product while others regard it to be secretory 
product. Laticiferous tissue may be in the form of single 
cells called laticiferous cells as in the case of Akanda, 
Euphorbia. This is a much .branched cell in the form 
of a coenocyte. Laticiferous vessel is formed by the 
absorption of the partition-walls of some cells and form 
a much branched structure. 

Ex.—Plantain, Sunflower, Shealkanta (Argemonc). 

(4) Glandular tissue— 

Glands may be distributed in various parts of the 
plant which secrete substances for different purposes. 
Glands may be multicellular solid glands, e.g., nectaries 
of some flowers. Hollow glands are found in the oil 
glands of orange, lemon etc. 



CHAPTER XXII 


TISSUE SYSTEM. 


A tissue mcaos an aggregation of cells for a definite 
work but a system is a collection of tissues for the proper 
performance of certain functions. There are three main 
tissue systems:— 

(1) The teguincntary or Epidermal tissue—system. 

(2) The conducting or Vaectdar system. 

(3) The fundamental or ground tissue system. 

It is the primary meristem that gradually forms the 
different tissue—systems. Thus, 
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The tegumentary system corresponds to the outer 
skin of animals. Usually the outer tissues of the .plant 
form the tegumentary system consisting of epidermis and 
its associated structures. The epidermis is usually one 

laye^ but occasionally it is many layered as in the case 

♦ . * 

of Velamen on the roots of epiphytic orchids and the 
leaves of Banyan, India-rubber show many layered epi¬ 
dermis. 
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Stomata— 

The epidermis is not entire but has some openings 
called stomata. Each stoma is an opening guarded by 
two cells called guard cells having chloroplasts. When 
there is plenty of water, the guard cells curve and there- 
is full opening of stoma but as a result of loss of water,. 
the guard cells become flaccid and the pore closes. The 
opening and closing of the stomata are of great signi¬ 
ficance to the plant. 

Formation of stoma— 

The nucleus of one of the epidermal cells divides 
into two and a partition-wall is formed, thus forming two 
new cells. There is now n longitudinal splitting along the 
common wall, leaving a space, this aperture is the stoma 
and the two cells form the guard cells. 

f 

Function of stomata— 

Stomata serve three functions of the plant. 

(a) Respiration, COo passes from the plant ibrough 
stomata to the atmosphere. 

(h) Transpiration, water-vapour escapes from the 
plant through stomata. 

(o) COa enters through stomata into the plant 
during photosynthesis. Therefore the chief organ for 
gaseous interchange of the plant is the stoma. 

^tomata arc found on the undersurface of' leaves of 
land plants and on the upper surface of leaves of water- 
plants and on herbaceous stems. In plants where' there 
is formation of bark, another structure is developed frofli 
stoma called lenticel. 
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The stoma is protected by the development of hairs 
or the epidermis develops sunken stomata as in the desert 
plants to prevent excessive loss of water. There is 
another type of peculiar stomata called hydathodes which 
secrete water from leaves and are found in Colocasia 

f 

(Kachu), Lotus and Grass. 

The hairs found on the epidermis of roots serve a 
very important function as they absorb water from the 
soil. 

The epidermal system mainly protects the inner parts 
from external injury. . 

The conducting or Vascular system— 

As the name signifies, it is responsible for the con¬ 
duction of raw food material and transfer of prepared 
food from the leaves to different parts of the plant.' 
This system essentially consists of xylem, cambium and 
phloem. Xylem conducts raw food and phloem transfers 
oiganic food of plants. 

Xylem is also called Hadromc or Wood. Xylem 
consists of tracheal tissue with wood parenchyma and 
-*wood-fibres. The xylem of fern has only tracheids. 
Xylem consists of protoxylem and metaxylem. Proto- 
xylem are smaller vessels and formed first and consists 
of spiral and annular vessels and are found towards^,the 
centre in stem and the larger vessels are known as meta¬ 
xylem groups formed after protoxylem and consists of 
reticulate and pitted vessels. The cambium is a strip of 
meristematic tissue lying' between xylem and phloem. 
Bhloem is also known as leptome or Soft Bast. Phloem 
Is generally associated, with companion cells iu dicots. 
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The wall of phloem vessels arc thin and made of cellulose.' 
They transfer organic food of plants. 

Vascular bundles— 

There arc several types of vascular bundles : — 

(1) Collateral, when the xylcm and phloem groups 
are arranged side by aide. The phloem being external' 
e.g.. Rose, Pea. 

(2) Bicollateral, if there bt* two sets of Phloem 
vessels on the inner and outer sides of a bundle, it is 
called bicollatcral e.g.. Gourd, Cucurbita in general. 

(S) Concentric, if the xylcm is surrounded by the 
phloem or the phloem by xylem, the bundle is called 
concentric. The former is hadro-centric e.g.. Fern and 
the latter is lepto-centric e.g., Dracena. 

(4) Radial, this is found in roots of Dicots and 
Monocots where the xylem and phloem groups are 
arranged separately in the form of radii of a circle. The 
protoxylem in roots is towards the circumferancc. 

If there be cambium in a collateral bundle, it is 
called open ; but if the cambium is absent in the bundle, 
it is called closed. 

Ground tissue system consists of cortical tissue and 
conjunctive tissue. Cortical tissue consists of hypoderma, 
cortex and endodermis. 

Hypoderma may be formed of collenchyma or 
.sclerenchyma or of ordinary parenchyma. Collenchyma 
with chloroplasts can prepare food. Sclerenchymatous 
hypoderma is a strengthening tissue. Sclerenchymatous 
"Tlypoderma is peculiar to Monocotyledons. 

Cortex proper is parenchymatous and stores up food 
or conducts carbohydrates and assimilates fofd. 
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' E^ndodermis— 

It is the limit of the cortex on the inner side. It is 
also known as Starch-shcath because it stores up starch. 
The radial walls of endodermU are thick in roots. When 
the endodermU is old, all the cells of the layer become 
corky leaving a few thin-walled cells called Transfusion 
cells. The endodermis is also called the Casparian hand. 

Conjunctive tissue consists of pith, pericycle and 
medullary rays. 

Pith occupies the centre of the stem and sometimes 
it may be hollow. 

Pith consists of parenchymatous cells and perfonns 
the functions of:— 

(a) Conduction of water, and (6) storage of water 
and food-material. 

Medullary rays store up reserve food but mainly 
carry food in solution from the vascular bundle to the 
cortical region. They are composed of parenchymatous 
cells running from the pith to the pcricycic between 
vascular bundles. 

Pericycle—It occurs in single or many layers just 
outside the phloem. It may be composed of paren¬ 
chymatous cells and perform the function of storage of. 
food. Sometimes, it is many layered and formed of 
sclerenchyma when it is a mechanical support. 

Stele— 

The ceritral portion of root or stem formed by 
pericycle, vascular bundles and pith go by the name of 
Stele.. 
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ANATOMY OF PLANTS. 

Transverse and longilu<iinal sections of Dicot stem. 

A transverse section ofN Dicot stem shows the 
following structure from the outside :— 

(а) Epidermis consisting of a single layer of cells 
with multicellular hairs. The outer walls of 
the cells are cutinised. 

(б) Cortex consisting of several layers of paren¬ 
chymatous cells with intercellular spaces. 
(Sometimes collenchyma is found here). 

(c) Endodermis is made of o!ie layer of cells. 

(d) Pericyde consisting of a few layers of cells 
(usually one layered). 

(e) VascidaT bundles are arranged in the form of 
a ring. Each vascular bundle cons,sts of xylcn 
and phloem with cambium in the middle. 

The xylem is made of metaxylem and protoxylem 
groups. The protoxylem is towards the centre or pith. 
The phloem is composed of mctaphloem and proto¬ 
phloem. The protophloem is towards the outside. 
Between two vascular bundles, the medullary rays are 
•situated nraning from the pericyde to the pith. 

(/) Pith consists of parenchymatous cells with 
intercellular spaces and occurs in the centre. 

I 

In the longitudinal section of stem, all the structures 
arc found and the annular, spiral vessels of xylem and 
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A—hair. B=:Bp(dermis, Csscollencfayma, 

D=re8in duct. E=Corte*, F=Endodemi». 

OsrHaM baat (pencyde). H=PUQem, JsCaoibiam. 

i:=XyIeta. L=Pith. 
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the companion cells of’ phloem become distinct aiid 
prominent. 

_ • 

Transverse section of Monocot stem. The parts 

are:— 



T. S. of Monocot Sietn, 

Epidermis is one layer thick with cutinised* outer 


1 . 

walls. 
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1 2. Uypodermal Sderenchyma consisting of a few 
layers of sclerenchymatous cells. 

3. Ground tisnte consisting of parenchymatous cells 
with intercellular spaces. 

4. Vascular bundles arc scattered throughout the 
ground tissue. 

I 

4. Each vascular bundle consists of xylem and 
‘phloem. The xylem vessels are in the form of “ V ” and 
the phloem is towards the open limb of “ V.” The 
bundle is surrounded by sclerenchyma sheath. There is 
no distinct pith or medullary rays. There is no cambium 
so the bundles are closed. Ordinarily, cambium is 
absent in Monocots but in certain Monocots e.g., Dracena, 
Yucca there arc cambium, so secondary growth Is possible 
in them. 

Transverse section of Dicot root. 

1. Epidermis or £piblema or piliferous layer. There 
is one layer of cells with non'cutinised walls with a 
number of unicellular hairs called root-hairs. 

2. Cortex has many layers of parenchymatous cells 
with intercellular spaces, often it is divided into exodermis, 
cortex proper and endodermis. The exodermis is the 
layer just bjelow the epidermis. The cortex consists of 
thin parenchymatous cells. 

3. Endodermis consists of one layer of cells with 
thick radial walls. 

4. Vascular bundles are in separate groups of xylem 
and phloem bundles arranged alternately. The bundles 
are radially arranged. The protoxylem is towards the 
circumferance. The number of bundles is either 2, 4 or 6. 
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6. There is a distinct pith. 

T. 5. of Dicot root. 



Transverse section of Monocot root. 

1. Epidermis or Epiblevm from the outside. 
• i. Cortex. 

3. Endodermis. 

4 . Pericycle. 
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'■ 5. The number of bundles is numerous and the 
arrangement is radial i.e., Xylem and phloem groups are 
arranged alternately in different radii. 


0. There is a large pith. 

T. S. of Monocot root. 



This type of leaf shows in section upper and lower 
' epidermis and in. India-rubber leaf, the epidermis is 
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three-layered. There are cystoliths in the epidermis. 
The lower epidermis .shows some stomata. The epidermis 
has cuticle on the outer surface. Between the upper and 



S. of Dorsiventrai leaves 

lower epidermis is the meaophyU. Mesophyll consists of 
palisade and spongy parenchyma. Palisade parenchyma 
has long cells with numerous chloroplastids in them.* 
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The palisade parenchyma has no intercellular space. The 
spongy parenchyma on the other hand has plenty of 
intercellular spaces and are more or less oval or round in 
form. If the section pas.ses through a midrib, it shows 
the same type of stele as the stem. Generally, the xylem 
is towards the upper epidermis and phloem towards the 
lower in the case of smaller veins. 

Transverse section of Isobilateral leaf. 

In the case of Datcpalm, there is hobilateral type 
of structure i.e. there is upper epidermis and lower 


T. S, of Isobilateral leaf. 



epidermis but stomata are present in both. Below the 
^idermis, there is found a layer of colourless cells. 
There is no dirtinetion of palisade and spongy parsnohyma. 
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.There are lai^e and small veins. The small have xytcm 
and phloem surrounded by a Sheath of parenchyma 
whereas the larger veins are covered by sheaths of 
Sclerenchyma. 

Secondary growth and formation of Bark. 

The stems and roots of Dicots generally havfe 
secondary growth. The intrastelar secondary growth 
results from the activity of interfascicular and fascicular 
cambium in stem and extrastclar secrondary growth of 
stem is due to the attainment of meristematic condition by 
some cells of cortex. As a result, cork is produced and 
all dead tissue outside the cork-cambium form the bark 
of plants. 



CHAPTER XXIV 


CRYPTOGAMS AND SPERMATOPHYTA. 

The cryptogams are not the plants with which we 
are familiar i.e. they arc neither like the pea, rose, mango 
nor like the maize, grass, palms etc. They are peculiar in 
that they do not produce the seed.s but produce unicellular 
reproductive structures called spores. Some are very 
minute and can not be seen with the naked eye and 
require the use of the microscope. All disease producing 
bacteria as also beiiehcial bacteria like the lactic acid 
bacillus of stmr milk belong to the gmu]) of cryptogams. 
Various examples of cryptogams are found aitmnd us 
namely the toadstool popularly called “ Bangerchata ” or 
the white incrustation found on damp artiele.s in the 
rainy season or thread-like structures found floating in the 
tanks or the multi-coloured ribbons found floating near 
the sea-shores of Puri or South India. The cryptogams 
are divided into three main groups. 

CryptoganiR 

r> I ■ 

Thallopliyta Bn'ophvta 

_L.._ I 

I I Moim 

Algae Fungi 

The first group is Thallopbyla because the plant- 
body is an undifferentiated mass called Thallus. In 
thalloid structure, there is neither root nor stem nor leaf. 
They may be composed of one cell or many cells. The 


I 

4 

Pteridoplivla 

1 

Vem 
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thallophyta again is divided further into Algae aitd 
Fungi, on account of some fundamental difference. 

Algae are generally capable of manufacturing their 
own food and they contain some colouring matter either 
green, red, yellow or brown. But Fungi are devoid of 
the colouring ranlter, in other words they cannot prepare 
their food but have to tlcpcnd upon food prepared by 
other plant or animal. 

Fungi live eilher as parasite or as saprophyte. 
Wlu'u they live on living mailer, tluw uix* called parasites 
hill when they live on tleail organic matter. Ihcy arc 
known as saprophytes. Examples of Algae arc Spirogyra, 
Diatoni.H tic. and examples of Fungi an’ BHCtcvla, mucor, 
yeast etc. 

The second group is the Bryophyta. Here the 
didVrcnliation of stem ami leaf is ftmnd but no true 
roots. The phinl-body is a step above Hu* thallophyla, 
although in sojue bryopliylcs namely Marehaiitia, the 
plant-body is still a thallii.s. The plant-body although 
showing difference of stem and leaf reprosi'nls the' 
gamelophytc—phu.se. Hero the sportiphytc is rfot in¬ 
dependent ami lives a.s a parasite or a.s semiparasile u^mn 
the garnctophyte. There is no separate existence of 
gametophyte and simrophyte. one is dependent upon the 
other. Example—Moss. , 

* The third group is the Pteridophyta. The group is 
very important from the iwint of view of evolution. Here 
there is differentiation of root, stem and leaf and they 
.seem to approach the Phanerogams, the group highest 
. in development in the plant kingdom. The commonest 
’ example is the Fern. The plant itself is the sporophyt^ 
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and the gametophyte is less prominent but independen}:. 
There is a reversion of the dominance of the gameto¬ 
phyte that is found in the Bryophytes. In the higher 
plants Jike rose and pea, the plant-body is the sporophyte 
and the gametophyte really becomes inconspicuous. 

Spermatophyta— 

Spermatophyta are characteri.sed by:— 

(1) The formation of a pollen-tube; (8) the 
production of seeds. 

The cryptogams are spore-producing plants. Sperma¬ 
tophyta are sub-divided ns follows:— 

Spermatophyta 

Angio6|>erma 

n n 

Dicotyledons Monocotyledons 

e.g. Pea. e.g. Maize. 

The first group is the angiosperms, they are close- 
seeded plants i.e., their seeds are found in a case called 
ovary whereas the gymnosperms are called open-seeded 
plants their seeds are not found in a case but arc 
open. The ordinary plants like pea, rose etc. are all 
angiosperms but the gymnosperms are generally promi¬ 
nent in the hills but at one time in the history of the 
^rth, there was greater dominance of the gymnosperms 
and were found as plentifully as the angiosperms of 
«to-day,. • ’ 


4 

Gymnofiperins 
e.g. Pine. 
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, The angiosperms are divided into Dicotyledons ie., 
plants whi(ih have two cotyledons in their seeds and 
Monocotyledons which have one cotyledon in their 
seeds. The example of the former is pea and of the 
latter maize. 



Yeast~a fuDgus in a stale of budding. 



CHAPTER XXV 


LIFE-HISTORY OP YEAST. 

The plant belongs to the group of Fungi. It consists 
of a single cell sometimes remaining joined with one 
another forming a chain and often it separates and lives 
independently a.s a single cell. It is able to set up 
alcoholic fermentation in Saccharine solution, ft wo .species 
are generally found namely Snccharomyces ceTevisiac and 
S. ellipsoideus. The last spccie.s is used for the prepara¬ 
tion of wine from grape-juie^ The plants generally float 
in air and specially near vmc-yards and thrive well in 
sugary solution and can be found in toddy. The plant 
consists of a single cell, with cell-wall composed of fungus 
cellulose. Therc i.s a nucleus, vacuole and a number of 
oil globules. 

Nutrition— 

The nutrition is obtained from sugar-solution by 
direct absorption. The active agent extracted out of 
Yeast plants is zymase. The solution of sugar breaks 
down into carbon-dioxide (CO/) and alcohol. The fixdh 
that is‘seen on the upper part of a vessel containing 
fermented liquid is due to CO 2 and the alcohol remftins 
behind in the vessel. 

4 

The equation of the chemical reaction is: — 

Gb Hi 3 Oe =2C03 +2 Cj H« 0 

i . Sugar Caiimn dioxide alcohol. 

^ t 
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The yeast-cell thrive well io the presence of oxygen 
but the transformation of sugar-solution is very meagre 
in comparison with the condition when oxygen is absent 
i.e., more alcohol is produced in the absence of oxygen. 

Yeast is able to jennent mgaf-solution. Such a 
pmcess where fermentation takes place by a living 
organism is spoken of as organised ferment. But an 
active agent ha.s been extractcil from yeast which is 
able to ferment. It is known as Xyntase. 

The significance of fermentation i.s pectiliar in that it 
is a process of respimtlon. Ordinarily, iv-spiration can 
take plact' only in the presence of oxygen, such a process 
is called nei-obic respiration but there are plants like 
yeast Aviuch can deconipose their complex food substances 
to liberate oxygen even in its absence with the help of 
ferments, such peculiar oxidative proceisses are called 
anaerobic respiration. 

Reproduction— 

Budding or Pullulation or Gemmation. 

When there i.s plenty of sugar-solution, the yeast plant 
grows and divides by gctnnialion. At first, the nucleus 
divides and a projection appears on the cell which forms 
another yeast plant. A serie.s of plants may be attached 
one upon another forming a chiiin. • 

I 

Spore-formution— 

Previously, it was thought that with Ihe approach 
of unfavourable period, the yeast plant produced spores 
to tide over the period i.e., when there was any want of 
the sugar-solution. The single cell pro<luced four-nuclei, 
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each of which coUected some cytoplasm and formed 
spores. Generally, the number of spores was four. The 
structure containing the spores was called Ascus. The 
view was that the spores were formed parthenogenetically. 
Recently, Winge has shown that the spores are formed 
in yeast as a result of Conjugation. As regards the 
combination, he has shown various haploid cells conju¬ 
gating to form the zygote. One thing which is to be 
noted is that the conjugating cells must be completely 
or almost full grown; young buds never conjugate. The 
spores come out of the ascus with the approach of 
favourable period and the wall of each spore bursts to 
form a new individual. The yeast goes on budding until 
the period for conjugation comes up. 

Mucor — 

It belongs to the group of Fungi and are known as 
moulds. It is a saprophyte i^., lives upon dead organic 
matter. It is generally found as white patches on the 
surface of decaying organic matter namely on wet bread, 
dung and even on damp shoes but the colour ultimately 
changes to black. The plant consists of net-work of fine 
^ structures called collectively mycelium and the indivi¬ 
dual threads are known as hyphae. There is no partition- 
wall separating the cells but a number of nuclei are found. 
Such a^ structure- is called coenocyte. The commonest 
forms are Mucor mucedo and MHtc&r stolomfer. 

Asexual method of reproduction— 

The individual threads or branches of the mycc^um 
hccoipe ^fect and bear ^hnical sacs which are koown 
as GoiUdl^angia containing withia them spores Wiled 
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Gonidia. The gonidangium is also called Sporangiuiyi. 
The stalk of the gonidangmm is called gonidiophore. 
The gonidiophore has a projection inside the sac which 
is called columella. This columella helps in the dispersal 
of the spores. When the gonidangium is mature, it 
bursts liberating the spores. Each spore or gonidium 



Miicor» Sporangium. Zygospore. 


when free, puts out a germ-tube and fonns a new 
mycelium. Recently it has been shown that the co{umella 
is a vacuolar structure and is formed by the union of 
vacuoles. 

Sexual reproduction— 

Sexual reproduction takes place as a result of conju- 
'gation of two similar gametes. Sexual oi^ans are formed 
by the mycelium. The tip of the bypha is cut oif by a 
partition and the protoplasmic contents fonh the gamete. 
'Hie. separated part containing, the gamete is called the 
gamctangium. The gamete has many nuclei so . it is 
called coenogamete. By a similar process another gamete 
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is formed, the two gametes fuse up forming a structure 
called zygospore. The zygospore has a thick warty wall 
consisting of two layers, the outer one is called exosporium 
and a delicate inner endosporium. After sometime which 
is a period of rest, the zygospore germinates and the 
exosporium is ruptured but from the endosporium another 
tube-like structure is formed which is called the nromy- 
cclium^ The promycelium bears a sac called the spor¬ 
angium containing a number of spores. Each of the 
spores can produce a mycelium. Sexual reproduction in 
Mucor is remarkable in that it can take place only 
between two different strains of this plant. The two 
strains show no morphological difference, but there must 
be some phy.siological difference. They arc referred to 
as the H- and — strains. The only jibysiologlcal differ¬ 
ence so far Tceognised is that the -j- strain grows more 
vigorously. Two hypha; from' a strain cannot fuse 
to form zygospores neither can two hyphte from a — 
strain. Sexual reproduction takes place between a hypha 
of a -|- strain and a hypha of a — strain. Thu.s sexual 
fleproduction is rare, since a -|- and — strain are not 
often found near enough to each other. 

Sometime^ the gametes instead of fusing with each 
other, can grow out into a promyceliuin. Such gametes 
which behave like zygosjKjres are called azygospores. 

Torula condition of Mucor— 

The mycelium of mucor occasionally when placed in 
sugar solution divides into- thin-walled cells called oidium 
ceUs. ThCiK cells are capkble of budding and fermenting 
/ jingar fiction like the yeast. This condition of Mucor 
:^:>]chdwit.as its Torula condKlon* 
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Spirogyra 

The plant belongs to the group of Algae. It floalTs 
as a mass of tangled threads in freshwater ponds and 
streams. The plants consist of a number of cells joined 
end to end sometimes having a mucilaginous covering. 
There is, no distinction of base and apex of the plant as 
a number of equal cylindrical cells are joined to form a 
filament. Each cell of the filament has a distinct nucleus, 
the most characteristic ckloropUut is in the form of a 
ribbon and the protoplasm generally recedes towards the 
wall and is known as primordial utricle. The band¬ 
shaped chloroplast may be 1 to 8 in number and each 
ribbon has a number of round bodies called pyrenoids. 
Pyrenoids are protein grains surrounded by starch grains. 
The filament can grow in length by the division and 
growth of the cells. Growth in length of the filaments 
takes place by the elongation of each individual cell and 
by the production of new cells by mitosis. Thb division 
usually takes place at night. Any cell is capable of 
division. This is known as intercalary growth as 
opposed to apical growth which takes place only'at an 
apex. 

Reproduction — 

The cells of the filament can break up but dt least 
one cell is required to form another new ^melit. This 
is called Vegetative method of reproduction. 

Secauil reproduc^on takes place when two. filaments 
come to lie side by side. The walls of opposite cells 
..’project'and gradually increase in size and ultimately* fuse 
I'up to form a tube>Itke structure called cot)jugatioii^tu1>^f 

16 ' 


r 
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Here the cells form the gametangia and the protoplasmic 
contents excluding the chloioplasts form the gametes.' 
Such a union between two gametes of the same kind is 
called conjugation. As a result of conjugation, the 
contents of one cell i.e., one gamete travels towards the 
other gamete and fuses with it to form the zygosjwre. 
The zygospore passes through a period of rest after it 
has formed a hard wall. After the resting period, the 
outer coat of the zygospore ruptures and the inner con¬ 
tents grow out into a new filament. 


cell win 



Zygoapim geminAtM to 
form MV filament. 

two different filaments lie side by side and 
it is called, Scalarifonn conjugation. Some- 
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times however, cells of the same filament may conjugate, 
' in which case it is known as lateral conjugation. There 
is a slight physiological differentiation of sex; but the 
structural difference is not sufficient to warrant it being 
referred to as heterogamy or true fertilisation. 

In some species, the gametes conjugate in the conju¬ 
gation canal. 

Sometimes the gametes without fusion can behave 
like zygospore. Such gametes are called azygospores and 
may be compared to a proceas of parthenogerueis. 



■■■' The mo.ss plant belongs to the group of Bryophyta 
which is a step higher than the Thallophyta. 

Mosses are abundant in the rainy seasbn and 
generally grow as green velvety patches upon earth, 
roejes, tree-trunks, old walls and on the steps of, p0&ds 
and streams. 

General Characters — 

The plants arc very small scarcely attaining an inch 
in length. lieaves are thin, small and gremi in colour 
with a distinct midrib. The stem occasionally branches. 
There is no true root but a number of root-like structures 
are found at the base which perform the function«of roots 
, and are known as rhizoids which are multicellular. 

Lif&History — 

The life-history of the plant shows two distinct 
pha^s. Firstly, the ordinary green plant which ultimately 
bears the sexual organs is the gametophytic st^ •and 
secondly as a result of some sexual process anoUiir 
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structure rises from the apex of the moss plant which 
bears the spores contained in a Sac-like structure. This 
represents the sporophyte-stage of the plant. Spores 
are produced within the sac and when mature, they come 
out and produce the moss plant but growing at first 
on a structure called protonema. Therefore a regular 
alternation of sporophyte and gametophyte is found In 




Mobg wttb c«p«ule 
1 = Mou plaut 
. 2=:SeU. 

3 = Capsnie. 

4 = Stem. 



I s O^um. 

8 = Canal, 
3=ArFheeoniuin 


the mocsplant, ^ich is described as alternation of 
generations. The gametophyte is also called the gamo- 
or sexual stage and the sporophyte is cdled the 
hgamohiuin or asexual stage. 

Amtomy d Stem^ 

ti^^s^orse section of the stem shpws that it 
d. an outer layer of epidermis foUowed by 


^ 4\ s 
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cortex of many—layered cells and a central strand of 
thin-walled cells called the conducting strand. 

Anatomy of the Leaf — 

The leaf consists of a number of cells containing 
chloFoplasts i.e., they are capable of manufacturing their 
food. 

Reproduction — 

(A) VegetatiTe reproduction. 

(1) By buds,—leaf-buds may arise from any part 
of the plant, detach themselves and develop 
into new individuals. 

(*) The protonemal filaments may be developed 
from some cells of the sporogoniuia. 

(3) Some branches may separate to form new 
individuals. 

* « I 

(B) Sexual reproduction. 

The sexual organs are generally borne at the apex 
of the stem among a tuft of small leaves. There*are ipale 
and female organs called antheridia and archegonia 
respectively. The organs may be borne by the same 
plant when it is called inonoectous or the organs may 
be found in separate plants when it is called dubious i.e. 
moss plants are either monoecious or dioecio^ . Each 
antheridium is a club-like body borne on muitic^luiar 
stalk. It has a wall consisting of a single layer of cells 
and a number of mother-cells for the male elements. 
Each mother-cell produces one antheroaoid which is 
biciliate i.e. bears two cilia. Each archegonium • is a. 
fiask-shaped body containing a female cell within it catted 
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the oosphere. There is a neck of the archegonium which 
forms a canal at the time of union of male and female 
cells. The canal has a mucilaginous secretion rich in 
cane-sugar which seems to attract the antherozoids but 
only one is allowed to fuse with the oosphere. This 
process of fusion is called fertilisation. As a result of 
fertilisation, the oosphere is converted into oospore and 
it receives a stimulus of growth and forms another 
structure which is called the sporogonium of moss. 

The sporogonium has a stalk called seta and an 
upper ovoidal head called the capsule. The capsule has 
a special tissue >vithin it which is called the archesporium 
or the spore-producing tissue which becomes evident on 
a longitudinal section of the capsule. The central tissue 
of the capsule is called columella. It has a cap-like 
upper portion called operculum connected with columella 
by annulus. There is a tooth-like portion near the 
annulus called peristome which helps to disperse the 
spores by absorption of water. 

When the capsule is ripe, the upper portion of the 

s 

q^rogonlum which might carry the remnants of the neck- 
pbrtion of the original archegonium is thrown off and the 
^res come ou^> Each spore can germinate and produce 
a filamentous structure called protonema. The moss 
plant arises «s a bud on this protonema. ^ 


The life-Crele of a Mos8.^Tbe life-cyde may be sammarSd 
t few bHtf ata^aoitBi — 

1. GeniiiaatiMi of the Rpoie remlta in a branched filamentoua, 
- a^aJike growth called the protonema. 
ft, T%e fenoatibn of Bpedal protoDema branches, and the setting 
'' of an i^Hcal cell at tbe end of each branch. 

JS. . The'growth of eeeh of theae branches or " buds into a 
ftnn bearing riiiaoids at the lower md and aimple sjarally 
-antnged Igavee above. 







4. The formatioii at the tiQ of some of the leafy shoots *of 
groups of antherklia and paraphyaea. 

0 

5. The formation at tt|e tips of other lOicots of groups of 
archegonia and paraphyaes> 

6. The opening of antberidia and archegonia during a period 
when the i^anta are wel and the escape of the sperms. 

7. Swimming of some of the sperms to the archegonia whither 
they are probably directed by certain substances wiuoh 
diffuse outward from the open archegonia. 

8. Fertiliaaliont followed by the formation of a cell-wall about 
the sygote. The sygote nucleus and ail the nuclei of the 
sporophyle generation have in chromosomea. 

9. The development of the aygote by growth and cell divirions 
into an embryo sporophyte which is endoseil by the enlarged 
arebegonium vent^ fcalyplra) until just before the maturity 
of the sporophyte when the calyptra is torn away from its 
attachment to the leafy shoot. 

10. The development of the embryo into the mature sporophyte 
consisting of (a) the foot which penetrates the lip of the 
stem of the gametopbore and serves as an organ of attach¬ 
ment and absorption, (b) the seta or stalk and (c) the 
capsule, a complex structure within which the spore mother 
cells are produced but whiHi is mostly made up of sterile 
tissue. 

«11. The two successive dhririons of each spore moth^* cell to 
form a tetrad of sporea. The first division of the spore 
mother cells is a reduction division and marks the end of 
the dioloid or sporophyte phase and the beginning of the 
hafdoid or gamkoph^ l^iase in which all t^ nuclei have 
n chromosomes. 

19, The drying cut of the capsule, the loss of the ope{culQin or 
capsule covo*, ud the escape, assisted by the hydroscopic 

movements of the peristome teeth, of the qmes. 

According to true eytdogfcal data» iht spcm starts the gameto- 
phytic stage (n chromosomes) upto the formaitoa of sygote (oospore) 
(in chromosomes) which u the starting point of the sporophytic stage* 







Graphic representation of the life-history of Moss. 
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Feni» 


ferns belong to the group of Pteridophyta. 
Perns axe generally known as FUices or Pilicales. 


' Habitat: Generally it grows on damp places and is 
more or less, rfmde-loving. The plants are rhizomatous 
herfe, but in tropical eountries large tree-fexps like palms 
are fodnd.. ITie temperate climate is suitable for its 
growth because the hiUs of Paijeeling, Simla 'and 
Kashmir are fitmous for their J^riant growth of ferns, 
in cities, the ferns adorn this giidens and palaces of the 
rich.* -People take-a'^fancy for some ferns as for example^ 
the. iiiaideh-hair fem is invariably associated^ with the 
^hwdiwork pf :fl<»8ts. The nturow water-ways of Bengal 





5W1 


are provided with a good variety of. ferns specially the 
shady lands through which the water courses its way. 

• 

The plant is a small herb with an underground 
rhizome. The leaves are generally compound and of the 
pinnate type although the palmate type is also found. In 
some ferns, the leaves are simple. Sometimes ferns are 
found as epiphytes i.e., growing upon another plant and 
live upon air. The plant is covered all over by hair-like 
structures called ramenta. The leaves are green in colour 
and provided with distinct midrib and veins. The 
ordinary leaves are called fronds or tfophophylls whereas 
spore producing leaves are sporophylla. The ptyxis of 
the leaf is circinate i.e., rolled up in the young condition 
like a dog’s tail. Roots are found in ferns but are 
adventitious. It takes about two years for the matura¬ 
tion of a leaf but usually a number of leaves open every 
year. The leaves bear some globular bodies on the 
undersurface which are either on the veins, or on the 
margins or on surface. These bodies are known as sori. 
Each Boms consists of a number of sac-like structures 
called sporangia. Each sporangium is stalked and rises 
from a tissue of the leaf called placenta. The sporangia 
are protected and covered by a structure called indttsium. 
The sporangium has a wall called annulus with a weak 
spot called stomium.. - The spores' are found within the 
sporangium, the numb» is •. almut 64. Wheh the 
sporangium is mature the spores come out through ^e 
stomium. The spore is a minute one-celled reproductive 
unit having its wall differentiated into two parts called 
exosporium (outer) and endosporium (inner). Each 
^pore can germinate and ultimately by celldivisions foi^ns 
'*a heart-shaped structure called the proUiallnsw Tlii^ 



prothallium is a thin, green, multicellular body bearing a 
number rhizoids on the undersurface. These rhizoids 
dra^ .nourishment from the soil. The rhizoids are 
unicellular. -The prothallus has a notch at the upper 
part and this prothallus represents a definite stage in the 
life-history of - fern. The prothallus on the underside 
bears two kind9 of sexual organs, the antheridia and the 
archegonia. The antfacridia are found at the base together 
with the rhizoids whereas the archegonia occur near the 
notch. This is the gametophyte stage of fern. Each 
archegonium is shaped like a flask and consists of a basal 
portion called the venter completely placed in the tissue 
of the prothallus and a neck. The venter has a single 
female gamete called oosphere or ovum and above it a 
ventral canal cell and the neck consists of four-rows of 
cells. Just above the ventral canal cell is a single neck 
canal cell. The neck is at first closed but at maturity 
opens and due to the disoiganisation of the canal cells a 
mucilaginous secretion comes out which is rich in malic 
acid to attract the male elements or antherozoids. 


The male organ or antheridium is a capsular body. 
The capsule contains a number of the mother-cells of the 
antherozoids. ' One • antherozoid develops in each cell. 
Ultimate!^ t^e antherozoids are set free and they move 
towards the neck of the archegonium. The antherozoid 
has g<^ swimming capacity owing to the presence vof a 
hiiinber of cilia on Hs body. Therefore the antherozoids 
. aie muHfciliate. £>ne of the antiierozoids attracted by 
secretion of 'maSc aeid fuses with the oosphoe, 
hncletts with nucleus, cytoplasm with cytoplasm' and, 
the ooywfre. This process is called fertiKsation^ 
pNNMst. of fertiliaatioD generally takes place between' 
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antherozoid produced by one prothallus with the oosphcrc 
produced by another prothallus %.e., cross fertilisation 
takes place although the prothallus of fern is hermaphro¬ 
dite, the sexual organs of the same prothallus do 
not mature at the same time and thus it favours cross- 
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The oospore continually divides and segments form¬ 
ing the plenary root, first leaf or cotyledon, stem and s 
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massive foot. The foot absorbs nutrition for the develop-* 
ing embryo until it become.^ independent and absorbs 
moisture ^rom the soil. The primary root is replaced by 
a number of adventitious roots. The prothallus in the 
meantime dries up and the plant becomes an independent 
organism to all intents and purposes. 

Graphic representation of the Life-history of Fem. 

VegeUtive repro. 

Fem 

(Sporopliyte) (S«) 


Sporangium (en> Embryo 

uospore {9n) 

I.] 

spore (n) Antheroao'>d(tt) Ooaphere (n) 
Antberidium (n) Arrhegouium (n) 


I 

(Gametophyte) (n) 
Protballua 


Alternation of generations— , 

The life-history of ferns shows two distinct stages or 
Phases. The plant itself is the sporophyte and before 
another sporophyte. is formed, there occurs the ^meto- 
phyte in the form of protbaJlas. The prothallus. is quite 
'independent and manufactures its-own. food. Therefore 
'the aporophyte is foUotwed by .the gameU^yte and^;th^« 
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another sporophyte. Such a phenomenon is called alter* 
nation of generations. The gametophytc is the sexual 
phase and sporophyte Is the asexual phase of the plant. 

Apospory and Apogamy— 

The fern-plant often adopts the process of vegetative 
reproduction by producing another fom-plant from the 
surface of the leaf which is known as bulbil or from 
rhizome or from a part of the leaf. 

In some cases, the fcm-plant arises without the spore 
stage or the sexual process is eliminated. The former is 
called apospory and in such cases the prothallus may 
directly develop from the sporangium or from any portion 
of the frond. In apogamy, the ordinary cells of the pro- 
thallus can give rise to the fern-plant. 

Anatomy of rhizome— 

A transverse se(*tion of the rhizome shows a number 
of vascular bundles arranged in the ground tissue. There 
is hypodermal sclerenchyma and on the outside is the 
epidermis. Each Vascular bundle consists of xylem in 
the centre surrounded by pbkem. The phloem has on 
the outside, a circle of pericycle and a layer of endo- 
dermis. Therl are some smaller bundles which pass on 
to the leaves. 

The section of petiole is similar to rhizome but -the 
stele is like a horse-shoe. 

The pea plant belongs to the group of Dicotyledons 
under angtosperms. The plants are delicate herbs. The^ 
is soft. The leaves are compound and of UiO 
SmSAtt type and each leaf has a number of leaflets.' 
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The ultimate leaflets are modified into tendrils. At the 
base of the compound leaf there are leaf-like structures 
which are the foliaceous stipules. The root is of the 
dicotyledonous type i.e., a primary root branches and 
produces a branch system of roots. The roots have a 
peculiar property of flxing nitrogen of the atmosphere 
with the help of nitrogen-fixing bacteria which are found 
in the form of swellings or tubercles on the roots. 

Flowers are in racemes. Each flower has four whorls. 
The first and outermost whorl is the calyx forming a tube 
by the union of the sepals. The calyx is gamosepalous. 
The number of teeth is five. The next whorl is the 
corolla, consisting of 5 petals, and is of the papiliomeeous 
type. The corolla is. polypetatous. Of the five petals, 
the posterior one is the largest and is known as the 
Vexillum or standard. There are two petals on the two 
sides called Alae or Wings. On the anterior side, two 
petals are united to form a boat-shaped structure called 
keel or carina. 

The third whorl is the andraecium consisting of ten 
stamens, of which nine are united and one is free. The 
stamens are di-adelphous. The fourth whorl is the 
gynoecium or pistil. The gynoecium is monocarpellary 
*.e., consists of one carpel.- The ovary is superior. The 
fruit is a legume. The seeds are extdbuminoue. 

Malz#- 

The maize plant belongs to the group of Monocoty¬ 
ledons under angiosperms. 

. The plants are stout herbs with solid stem. T)ie 
nodes and intemodes are solid. The leaves are sin^le'i 
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mth sheathing lcaf>bases. The roots are fibrous or 
adventitious. 

b * 

The inflorescence is in the form of spikelets. Male 
flowers and female flowers are found on separate spikelets 
on the same plant i.e., monoecious. Male flowers occur 
on the top and female. flowers lower down on the stem. 
Male flowers are two in each spikelet, of which one is 
sessile and the other flower is pedicclled. Each flower 
has four glumes, of which the first and second glumes 
are empty. The third and fourth glumes are hyaline, 
paleate and enclosed by the first one. The perianth is 
represented by two fleshy lodicules. Stamens are three 
in number. Anthers are versatile. 

Female apikelets are one-flowered and are arranged 
on a fleshy rachis. The ordinary “ Bhutta ” represents 
so many flowers arranged on the axis of an inflorescence. 
There are four glumes of whidi the first two are broad, 
the third one .is empty and the fourth is two-fid. Perianth 
is not represented, and even the lodicules are absent. 
T%e ovary is su^rior with long thread-like two-fid styles. 
Fruit is a caryopeie. Seeds are albuminow and the'^axis 
of the embryo is situated at one side of the seed. 
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INTRODUCTION TO THE GENERAL 
CLASSIFICATION OF ANIMALS. 

There arc various types of animals on the face of 
the Earth, too numerous to be counted upon, so they 
are grouped into convenient divisions called Phyla. ■ 
The whole kingdom is sometimes divided into Protozoa 
cfr unicellular animals and Metazoa or multicellular 
cnimals. The Protozoa consist of a single cell which 
performs all its functions through this cell; example 
Amoeba, Monocystis, Malarial parasite etc. The Phylum 
Protozoa again is divided into a number of classes 
called Rhizopoda e.g.. Amoeba; class Flagellata e.g., 
Euglena, class Ciliata e.g., Paramoecium and class 
Sporozoa e.g.. Monocystis. 

The other group Metazoa is a vast group and 
includes all multicellular animals. The Metazoa is again 
sub-divided into Porifera» Coelenterata and Coelomata. 
The Porifera includes sponges with two body layers 
Ectoderm and Endoderm and hence they are termed 
Diploblastica. The Coelenterata is also two layered and 
includes the Hydra and the Obelia, The body-cavity of 
the Coelenterata is known as the Ccelenteron. 

The Coelomata includes all animals . from the 
Annelida like Leech and Earthworm to the highest group 
like Mammals. It is better to adopt the'^^llowing 
cfasSiftcation in order to have a bird’s eye view of ike ' 
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^hole animal kingdom. The animals are broadly divided 
into Vertebrata and Invertebrata. Animals without a 
vertebral column or a notochord come under the group 
Invertebrata or Non-chordata, while those possessing 
a vertebral column or Notochord are designated 
Vertebrata or Chordata. Both these groups are again 
divided into several phyla. 

^The chordata and the Invertebrata arc divided into 
''rtre following phyla :— 

' ** 'The^ Chordata ai% similarly divided into several sub- 
phyja^and classes. The following scheme will enable the 
,Bjtuaent Jto grasp the* subject more easily than the^ Usual 
long description found in the textbooks.* ' . 

>> ^'T4)e chordata have some lower groups like.Balano- 
,gJossirs where the Notochord is confined to the neck 
region. In' ^umcates, the Notochord is confined 'to the 
larval coAditidn! In the AmphiOxus the Notochord per- 
.sists from one end of the body- to the other. In the 
Vertebrata or 'Craniata there is a bony case fot the Brain 
caUed.tth% Cranium whereas it b absent in the Acrania. 
'Tl^f, higher cbordates show the development of jaws, as 
organs of mastication. 

The mammals are again sob-divided but it will suffice 
for the Intermediate coarse students to remember that 
it is a class of the Vertebrata and are specialised with the 
nursing of their young with breast milk in the early stage 
of life. 

The invertebrata arc diaractertsedj,,^:— (1) 
^lence of vertebral column, (8) Nervous 
'Antral cord generally, (S) Heart when present ^js ' 
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very rudimentary. (4) Body-cavity either ccelenteron,. 
haemoooele or coelome. 

The vertebrata have (1) Dorsal nervous system,. 
(2) Ventral heart, (S) Vertebral column, (4) Re^iratory 
organs like gilts or lungs. 



CHAPTER XXVII 


t DETAILED CONSIDERATION OF 
SOME TYPICAL ANIMALS. 

4 

't'he Amoeba. 

The Amoeba is the smallest animalcule known. It 
belongs to the phylum Protozoa. 'Hie animal » uni* 
cellular. The cytoplasm is differentiated into an outer 
clear Ectoplasm and an inner granular Endoplasm. 
There is a Nucleus with a Nucleolus. There are some 
round bodies called food vacuoles in the cytoplasm. 
'There is another large vacuole called Co^ractile 



1—CoDttactiie vaeuloe, 8—^Nucleus. 3—PfKudopodia, 

4—Food TKBole in endophksm. 

% 

Vacuole. This single cell performs all the functions of 
an animal. The animal generally lives in the mud of 
ponds, tanks and ditches of our country and are often 
attached to the waterweeda. One species lives as a 
parasite in human beings and causesv^I^i^tery. The 
si^ of the animal is about 1/100 of an is not 

'^en with the naked eye but » visible wits tSh heip^F 
the microscope. 
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The animal moves by sending out protoplasmic* 
processes called Pseudopodia. The animal is ever 
changing its form by means of pseudopodia. At one 
moment it has a particular form, the next moment it 
changes its form by thrusting out other pseudopodia. 
Firstly the Ectoplasm flows out and then the Endoplasm 
follows to form the pseudopodhim. 

The movement is carried out by the protrusion of a 
pseudopodium and the whole mass of protoplasm flows 
into it. Next moment another pseudopodium appears 
and' the movement of the animal is thus carried on. 
Hie animal is called Proteus Animalcule on account of 
its everchanging form. 

The Animal Amceba feeds on small organisms % 
microscopic plants and animals. The pseudopodia encircle 
the food and gradually incorporate it in its own proto* 
plasm. As soon as the food comes into the protoplasm, 
a drop of water is secreted round it and the food is 
digested..- The reaction of the secretion is at first acid 

Ibmi.alkaline. The secretion kills the food (mainly 
Bvii^ microscopic oiganisms) and the wasteproduct after 
dij^ion is over, is sim|dy left out when the animal 
moves away from the particular place. In Amoeba 
<dfi|p^i<m place withhi the c^. This is called 

d^Mtion. Hie animal digests the foo\* 
'"srlikfti ^ food vaeuole. Tie food consists mainly of 
prdteins andk'cMbodydmtea. but not of fojt, it.it 
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Irritability, Automatism & Conductivity: 

The Amoeba is irritable, automatic and conductive. 

✓ 

The irritability is not situated in the special sense organs 
but if an electric shock be passed Jnto a (J^p of water 
with amoeba in it, it will withdraw its pseudopodia and 
contract. Its conductivity is seen when it is pricked by 
a fine thread of glass or when it is brought in contact 
with solutions of salt, sugar or acids. It moves away. 
The conductivity is proved by the fact that a jseudp - 
podium is formed at a point other than the actual point 
of stimulus. It moves away from strong light. There 
are some actions of the amceba which are not referable 
io any stimulus but takes place from w'ithin the animal 
and are known as Automatic. 


Excretion and Respiration : 

The whole body of the animal comes in contact with 
water so the discharge of waste products can take place 
throughout the body, of the animal as also Respiration. 
It J;>reathes, that is, absorbs oxygen and gives off pQ o 
from all over the body. There is a contractile Vacuede 
in the animal which dischai^s the water which enters 
throughout the body of the animal and the water which 
has accumulated as a . result of metabolic is discharged 
containing the waste ’ products. The Carbon • dicaidc 
collects in the contractile vacuole and is passed out by 
it. Therefore, the contractile vacuole acts both 
excretion and for/re^iration. 


Df^ireuaton : 

Sometimes due to unfavourable oonditioiis tfaitf. 
undergoes deoKHsion. The nueicaa Ibecimies ii^r 
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all the functions of the body are almost brought to a 
standstill. 

Encystment: 

The Amceba sometimes withdraws its pseudopodia 
and forms and secretes a wall round it called the Cyst. 
This is called its Encysted condition. This takes place 
due to unfavourable conditions cither the water in the 
pond dries up or is frozen. The approach of favourable 
period means the activity of Amceba and the cystwnll 
breaks and normal life is resumed. 

Reproduction : 

There are two kinds of reproduction in Amoeba 
<l) Binary fission and (2) Multiple fission. 

Binary fission—The animal simply divides into two. 
First the nucleus divides and then the cytoplasm divides 
to form the daughter amoebae. Sometimes the nucleus 



Masiy of Amoeba. 

"rtTYt* dkides ralo two tad tbe cytopbum too 



MONOCTSTIS 


257 
% 

<livides by Mitosis, the cytoplasm constricts in * the 
middle and forms two individuals. The nucleus always 
divides before the body of the cell divides. 

Multiple Fission :—The amoeba becomes encysted 
and the nucleus automatically divides into a number of 
nuclei. The nuclei move towards the surface and collect 
a bit of cystoplasm. The cystwall breaks and the indivi¬ 
dual escapes as spores with pointed pseudopodia. Each 
such spore develops into a new amoeba. 

Thus an amoeba while enclosed within the cyst 
breaks up into a number of rounded structures which 
arc ultimately liberated by the breaking of the cystwall 
and each one becomes a minute independent amoeba. 
This process is called Sporulation and the structures 
that give rise to new amoeba arc called spores. 


Plastogamy : 

Sexual reproduction has not yet been provided in 
amoeba. Sometimes a number of amoebae fuse and thereby 
foim a mass of protoplasm containing many nuclei. This 
mass is known as plasmodium and the process is known 
as plastogamy. 

Thomson says that conjugation has been observed 
in amoeba. , 

Monocystis: Vi V , 

This animal is also microscopic in sise. unicellular in 
structure and belongs to the group <t^«^I^to 2 oa. The 
FAtozOa is sub-divided into a .class caU^'^^orpZoa 
rz-wfaich live as p^raates inaide the bodies 
.animals. Parasites -are animals that 
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animals, rob the host of its nutrition, sometimes even • 
destroy and eat the tissues of the host and ultimately 
killing it. Monocystis is a parasite which lives in the 
yminal vesicles of the Earthworm. When an Earthworm 
is cut open, certain white lobed organs known as sperm* 
sacs are found at its anterior end. Inside these organs 
the sperms of the worm undergo development and the 
Monocystis lives and passes through the various stages 
of its life-history within the Spermmother cells of the 
worm. Monocystis lives upon the fluid nutrition meant 
for the Spermatozoa of the Earthworm 

The life-history of the Monocystis is divided into 
three stages called Trophozoite, Gametocyte and Sporo¬ 
zoite. 


The Trophozoite Stage: 

The ordinary animal is the trophozoite. The full 
grown adults are visible to the naked eve —=flattcn ed worpi- 
like c§ 48 ; the shape alters during the sluggish movements. 
Penpherally there is a porous cuticle, a clear corticalzone 
and a network of myoneme fibrils. Each trophozoite has 
an ehmgated body, the outer portion is the Ectoplasm 
and the inner medullary, portion is the Endoplasm. The 
Endoplasm contains a spherical nucleus with nu deob ts 
Eetn p Usip ^as an outer cu ticular portion. Tn^ 
are fine fibres' in the ectoplasm composed of myonemus 
which car^ou;^ series of wave-like undulations in the 
body (^q^^rophoeoite. There is no mouth, no contrav 

fiuii| putrhnent being'absorbed from the cells'" 
the whole body of the Mon9cystif. 
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(TJie Gametocyte Stage o 

Reproduction—^Two trophozoites come to meet each 
other and are covered by a common double cyst wall 





Trophozoite of 
MoDocystis. 

The ectoplasm 
ia covered with 
the tails of the 
speitos of earth* 
worm. 





Trophozoite. 


which is secreted. Now each is known as a Gametocyte. 
In the Gametocytes the nucleus of each divides into a 
number of nuclei. Each nucleus collects some cytoplasm 
and forms a gamete. So that some gametes are formed 
in both gametocytes. The partition-wall disappears and 
the gamete of one unites with the gamete of the other. 
Therefore gametes are derived from se|KH3tf^ parents. 
Thj^is called Cross Conjugation. As a resu]^ oY^^union 
0 f two gametes a zygote is formed. This zygote 
as a Si>oront...It secretes a boat-shaped horhyr’Caae.tJia 
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is known as a PseudonaTicella. The cyst at this staga 
'contains a number of such boat-shaped spores. 



Gametocyte Sporoaoite Paeudonavirdla. Trophozoite. 


The Sporozoite Stage: 

The nucleus of- the zygote undergoes division within 
the cyst into eight sicklc-shapcd bodies called Sporozoites. 
Each sporozoite wilFehter a fresh host and assume the 
trophozoite condition. But generally the Earthworm dies 
when the sporozoite condition is reached. Tlic dead 
earthworm mixes with the soil and when the soil is eaten 
up by some fresh Earthworm, it makes its way up into 
the seminal vesicles and gradually reach the trophozoite 
condition^ There are certain worm-eating birds and if 
they happen to eat an infeceted earthworm the cyst 
remain^' intact in the alimentary tube of the bird. But 
the cyst dissolves in the alimentary tube of tKe fresh 
living earthworm which has eaten it due to the action 
t4 the digestive juices there, and the Sporozoite enters 
the ^emjfldHvelicle of the animal. 

\ 

X ^hody of the tr^^ozoHe is sometimeji covered 

gB^.bpt these tails really belong to the sperme of. 
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the earthworm whose main part has been absorbed by ' 
the parasite. The covering of cilia only adheres to thh 
body of the trophozoite, there being no organic connection- 
‘with it. * 

Thus the life-history of the Monocystis is completed 
in three stages. 

Hydra t 

The Hydra or fresh water Polyp is composed of 
numerous cells, so it is a Metazoa in contrast with 
Protozoa which arc composed of single cells. AH animals 
above the Protozoa are known as Metazoa. The Hydra 
belong.s to the group of small aAimals called Coelente- 
rata. The Ccelentcrata have only one set of spaces 
within, which all communicate with each other and with 
tlie exterior through the mouth. The shape of the 
animal is that of a minute cylinder. The base or foot 
is attached to some surface generally weeds whilst the 
other extremity carries a circle of delicate thread-like 
appendages called Tantacles. The hollow space of the 
'Animal is called the Coelenteron or Enteron lined by 
Endoderm Cells. The body of the Hydra consists of 
two layers of cells called Ectoderm (outside) and 
Endoderm (inside) with a middle structureless lamella 
between the two layers called Mesogloea. Hydra is a 
member of the group of Coelenterata which have the 
following peculiarities :— 

(1) The animals are called DiplobUstlt^ because 
the body is composed of two lav«rs u»Ued 

Ectoderm and Endoderm. 
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(i) The body of the animals has a single space 
called Coelcnteron. There is a single aperture 
of the Ccelcnteron e.g., the mouth. 



1—New hydra in the* 
foriD of bud, S—Bud, 
^^Mouth, 4-^Tetita* 
cle, 5—Water^Aea. 



Hydra. 

1-^Mouth, e^HypoF* 
tome. S—Bud, 
^^Tentacle, 
S^Bud. 


(S) There is a lamella between Ectoderm and 
Endoderm called Mesogloea. 

(4) Nervous system is in the form of cells. 

(0) Reproductive organs are developed either from 
Ectoderm or from Endoderm. 

Functions of the Cmlenteron ;— 

(a) Digestion is carried on in the EndodermaL 
cells. There are intwcellalar and intra¬ 
cellular digestion. When digestion takes 
lilgce outside the cells of the Endoderm 
(inter) or when digestion takes place wll|iiii 
the cells of the Endodenn (mtra). 
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'(b) The residue left after digestion passes aut 
through the mouth. 

(c) Respiration and escretion take place to some 
extent from the Endoderm cells. 

Habitot: 

Hydra lives in fresh water attached to some weeds. 
If some weeds be kept in a glass jar, Hydra aggregate 
at the base of the jar or they attach themselves to the 
sides of the vessel. They are brown or white in colour. 
The species common in Bengal is the Hydra Vulgaris. 
If the animal be undisturbed it is found to attach itself 
by the base and the free end shows half-a-dozen threads 
called tentacles. The animal lives on waterfleas. The 
water-flea touches the tentacle and is forthwith stunned. 
The water-flea may be caught by the tentacles and sent 
to the mouth or the water-flea goes away and recovers 
from the effects of stunning imposed by the tentacles. 

Shape: 

The body of the Hydra is like a hollow cylinder with 
a ring of hollow tentacles surrounding the mouth. The 
other end is the base of the animal. The mouth is placed 
on a raised structure called ** Hypostome ** or Oral cone. 
The mouth leads into the only space of the body called 
.Coelenteron or Enteron. The hollow space inside, the 
tentacles is continuous with die Enteron. The bo^ of 
the Hydra is pointed and consists of an outn Ectoderm 
and an inner Endoderm. There is a structux^^ lamella 
4>etv/een them and is called Mesogloea which la sAreted, 
by those cdUs. 
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Eotoaerm: 

The Ectoderm cells are more or less conical in 
shape. The first type of Ectoderm cells is known as 
muflculo^pithclial cells. These cells have their broad 
ends on the outer side and form a continuous layer of 
ptrotoplasm. The narrow end of the cells forms a con¬ 
tractile process and runs along the tentacles and the 
body of the animals. The contractile processes form a 



Xm^ndinal Section of Hydra 
1—CniSefclart oell, 9—Mouth. 

i> ^Nematocyat, 
a—Ovary. 

t- 

bwNry , a—Bud, 
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Cnidoblast ceil 
]—Nettatocyst* 
f—Barb, 
$^Wm, 
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ik'Ui^ on the outer side of the lamella. The cella 
tlM b|aie are filled with granules secreted by the" 
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protoplasm mMtit for the fixing o¥ the animal upon w^d 
dr any other surface. Each cell has a large nucleus. 

The second type of cell is the interstitial cell. 
These cells are round and fill up the intervening spaces 
of the narrow ends of the epithelio*mu$cular cells. These 
cells are kept in reserve and in necessity; can giv§ rise to 
the other cells of the body. 


The third type is the cnidoblast cell found in the 
Ectoderm. These cnidoblast cells occur plentifully on 
the tentacles and are absent from the basal part of the 
animal. The cnidoblast cells project on the surface. 
They have a short process called cnidocil and a sac 
within called nematocy at. The narrow outer end of the 
sac is tacked in and produced into a long hollow thread 
which lies coiled up in the sac. The space between the 
thread and the sac is filled with fluid. The cnidocil is 
a sense organ. The wire when discharged paralyses the 
prey when any pressure is brought to bear on the outside 
of the sac, the thread has got three barbs at the base 
and comes away from the sac like an electric discharge. 


The nematocysts are of three kinds:— 


(a) Xiarge kind with a straight thread provided 
with barbs at the base. 

4 

(b) Small kind with spiral thread. • 

’ (e) Small kind with straight thread and small sac. 

The tentacles show some projections due to the 
prince of some cnidoblast cells both of large nndt 
small variety. The large ones serve both fot^oflehce and 
•defence. The sac pours out a fluid which has 
• a* ef^rroave action on the tough' skin of the watei^hea nm 
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which the Hydra lives. The main work of the nematocyst 
is^ to catch the prey and not to kill it until it is sent into 
the mouth. The cnidoblast cells arise from the interstitial 
cells. Firstly, these cells are found on the tentacular 
region and anterior region of the animal, but the cells 
move to other parts and take up their position when 
necessity arises. The germ cells arise from the interstitial 
cells. Nerve cells are found near the interstitial cells 
which are connected with the sense cells reaching the 
musculo-epithelial cells by fibres. There is no Central 
nervous system. There is only a very rudimentary 
development of the nerve cells. 

Endoderm: 

The cells are columnar and tall. The cells contain 
granules which they secrete. There is a large vacuole 
containing the nucleus. The free ends of the cells have 
flagella. There are long narrow cells in the Endoderm 
which are granular in character and found towards the 
part near the mouth. They are known as Gland Cells. 
The secretion of these cells helps digestion. The 
numerous ordinary cells of the Endoderm are columnar 
and nutritive In function. 

The ^reen Hydrasbows some round bodies in the 
Endoderm cells containing green colour. The green 
colour is due to Chlorophyll which is invariably present 
in pbutl. This is due to the assomation of a degenerate 
Alga with the Hydra. This sort ci asSoeiation of life 
is Inowo aa synblosU as neither inju^ the other but 
thay live a life of miftual help. The Alga .is a minute 

plant related to Chlamydomonos and the 
Imown as Zoocfalorelia. The Zoodiloiellad 
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remove the waste products and CO 2 of Hydra and 
manufacture organic food with the help of chlorophyJL 
The Hydra takes away the excess of organic food and 
utilises it for its own nutrition, v 

.Movfimenta; 

The movements are carried on by the muscular 
processes present in the outer portion of mesogloea 
though the basal ceUs can sbwly move with the project¬ 
ing pseiidopods. . The body of the Hydra contracts and 
it does not remain stationary even if the prey be absent. 
The body contracts and sends out the tentacles in a new 
direction. Sometimes the animals move, the tentacles 
attach to some new spot and the whole basal disc is 
removed with them. The movement is comparable to 
that of the looping caterpillar...^ 


Nutrition ;. 

I'he fo^ of Hydra consists of small orgAnisms and 
mainly water-fleas. When the animal has enough food 
-et^allows the prey to escape but if it is in a starved con¬ 
dition the touch of food makes the tentacles active. 
The prey is in contact with one of the tentacles and the 


other tentacles swing over it until it is sent into the 
mouth. While inside the »teron, digestive juices are 
secreted and the soft parts assimilated. The digestion 
might take place in the ratoon mterceflular diges¬ 
tion or the flagella mi|^t send the food within the 
cells where the process is known as ^ptracellular 
.digestion. The undigested reridue Is elimizfatbd tjjrough 
the mouth by the contnctsim of Uie wall. The’ Bctodeml 
cells d<y Bot take food directly hat are entirely 
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by (diffusion from the Endoderm cells. Thus the Ecto¬ 
derm is protective and sensory while the Endoderm is 
nutritive. 

Respiration and Exeretion: 

There is no special oi^an either for respiration or 
^cretion. The two functions arc carried out from the 
surface of Ectoderm and Endoderm cells. 

Reproduction : Asexual and Sexual: 

There are two kinds of reproduction in the Hydra. 
viz.. Asexual and Sexual. Asexual reproduction takes 
place by budding. A projection appears from the Ecto¬ 
derm cells which is multicellular and forms a bud. This 
bud increases in size and gradually the tentacles appear. 
It may remain attached to the parent animal or may 
separate out to form a new individual. 

Occasionally Hydra might reproduce by fission either 
^ngitudinally or transversely. The separated part grows 
out into a new Hydra. In fission growth is after separa¬ 
tion but in budding growth takes place in the new 
individual while still attached to the original structure.*'* 

Regeneration : 

Hydra has the power to build up its lost parts, 
provided it t>e not too small. The part must have the 
two layers with mesoglea. If a tentacle or part of the 
body is lost Hydra can regenerate the lost parts. -The 
higher snfinals however do not possess this property 
except in the^healing of wounds. 

Sexual Reproduction: 

' Sexual reproduction takes jdace in spring and summer. 
THb anvaal illwmaphrodite i.e., both ovary and spermary 
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•occur in the same animal. The sexual organs arise ftom 
the Ectoderm when the breeding season comes on. Tbe 
testes are many in number and occur near the upper part 
while the ovary is single and found near the base. The 
organs are developed from the interstitial cells of the 
Ectoderm. In the case of the ovary the interstitial cells 
project and there is a covering of the musculoepithclial 
cells. There is developed an Oocyte which will develop 
into a single ovum and eat away all other interstitial 
cells. During fertilization the Ectoderm cells separate so 
as to expose the ovum and one sperm cell fertilises it. 

In the case of the spermary, the interstitial cells 
develop into sperms each having a head and a tail and- 
H covering of Ectoderm. When the sperms are ripe or 
mature the Ectoderm breaks down and the sperms float 
in the surrounding water. After fertilisation the ovum 
becomes oosperm or unicelluUar embryo. Rapid division 
takes place of this cell which is known as segmentation. 
A mass of cells is formed called Morula or Folyplast 
which builds an outer shell. The animal comes out by 
rflsife bursting of this shell. The Ectoderm and Endoderm 
are formed. The mouth develops and gradually the 
Enteron becomes functional and the tentacles appear as 
buds. ■ Ultimately adopting the adult form and a fully 
developed Hydra is formed. 

• Leech: 

The scientific name of this group of animals is Hirudo, 
commonly known as Medicinal Leech bec^se formerly 
. it was largely used by medical men in their dAily l^raitice 
.for the depletion of blood. The animal has got .external 
markings corresponding to interaal divisions. ^eiAninAl 






ia therefore called a s^mented animal The phylum to» 
which. Leech belongs is known as Annelida 


The Hydra has two layers in their body wall e g 
Ectoderm and Endoderm with a middle lamella There¬ 




fore it is luiown as Diploblaatica. The Leech has there 
layers e.g. Ectoderm, Mesoderm and Endoderm. There¬ 
fore, it ia^ called Triploblastica. AU the higher animala 
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are triploblastica. The Epidermis is formed from (the 
Ectoderm whereas the great mass of tissues e.g. skeletal, 
muscular, excretory and generative organs are formed 
from the mesoderm. In Hydra the cavity is one but in 
higher animals two types of bodycavities occur in the 
mesoderm;— 


Dorsal. Ventral. 



1—Anterior 1—Mcmth 
Sucker, with jmws , 
9 —^Posterior 4—Poet. 
Sucker. Sud&a*. 


( 1 ) 

(a) 


The primary body>cavity or hftemocoele or 
open blood vessels and, 

The Secondary body-cavity or true body-cayi^y 
or Coelome. 
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^ f The functions of the coelome are i(l) It forms a 
perivisceral cavity which surrounds the viscera and 
allows Uiem to move. 

4 

(2) The walls give rise to the generative cells. 

(3) It is sometimes concerned in Excretion. 

The'haemocoele on the other hand is a system of 
spaces of more complex form than Coelome. Its function 
is to contain the blood and lymph. A blood vascular 
system is occasioned in the higher animals on account of 
the great mass of internal tissue. 

The Leech is generally found in the fresh water 
ponds, ditches, slow running streams and marshy placc^. 
Formerly it was bred in special ponds in England for the 
use of the medical practitioners. Normally it lives by 
sucking the blood of toads, frogs and fishes but in the 
adult stage it can also live on warm-blooded animals and 
even on man. To induce the animal to suck the blood 
^-of man the skin may be moistened with milk or blood. 

A small cut acts admirably for the purpose. A Leech 
can draw 1 to 2 drams of blood only. The length of tRerr 
animals varies from one to five inches. Each end of the 
animal is provided with a downward facing sucker. The 
body of the'animal is segmented and recently it has been 
shown that the segments are always 33 in number. Some 
of the s^^ments are fused together as for example, the 
posterior sucker consists of € or 7 segments. Each 
segment is generally divided into 6 annular rings. The 
mou^ is situated in the Anterior sucker «hile the Anus 
opens by a/small aperture at the base of the posterior 
Mieker/. The male and the female organs open by 
apertures on the 10th and llth segments 
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respectively. The Excretory systen is in the form pf 
a pair of Nephridia occurring in each segment from the 
6th to the 22nd segment. Sensory Papillae occur in the 
form of a ring in each segment on the first annulus. On 
the head these papillae form a pair of eyes in each 
segment. The animal moves by looping movement and 
swims by the undulations of the body. The animal is 
covered by a thin cuticle which is shed from time to 
time. Below the cuticle is the Epidermis. The blood¬ 
vessels fonn capillaries below the Epidermis. The skin 
in the Leech serves as a respiratory organ because the 
bloodvessels come in contact with the surrounding water 
through the skin. Below this, muscle layers run in 
circular and longitudinal fibres, within which a special 
tissue occurs called the Botryoidal tissue. The walls of 
the Boytryidal tissue are full of black pigment and the 
cavities are full of blood. This tissue functions as a 
perivisceral cavity and imbeds the alimentary tube. 

The Alimentary* Canal: 

4 

■ ' The mouth has three jaws covered by cuticle.. This 

is used in inflicting the characteristic triradiate wound on 
the prey. The mouth is followed by the muscular 
pharynx which has unicellular glands. The glands by 
their secretion prevent the blood. from clotting. The 
blood is sucked end sent to the crop for storage. This 
secretion often leads to the continued bleeding in animals 
where a leech wos attached. In Physiological experiments 
extracts of the head of Leeches are used 'to prevent 
clotting of blood. The pharynx is followed ^ a short 

‘<EsophagU8 and then comes the crop. The cro^ ^as* 

' eleven pairs of cceca which are dilated throu^' th^ 
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aiccumulation of blood. The last pair of cceca is the- 
largest and extends its limbs right up to the anus. The 
mp leads sbto a small globular stomach is followed by 


AliinenUiy 

tube. 



1—PfauTnz, S-Xfop, 
S^Large 4*«-StomAcIi, 
cMcuai, 

5—Intestine, g^Rectun, 
7—AjiUs, S—Post 

Sndeer, 

d-CeoA. 

4 


Nephridium. 



1—Duct. 

a—Bledfier. 

^^Duct, 

4—Lobe of 
nephridium. 


a short intestine and the ultimate part is the dilated 
rectum opening by an aperture called Anus. The blood 
when dig^led inside the stomach turns green. 

I . It :U said that a full meal may last from six montha 

^ayear. 
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Excretory system: « 

The M<mtory organs are the 17 pairs of Nephridia^ 
The liephridia are V-shaped rods of cells. The glandular 
tissue is traversed by a system of intracellular ductules. 
There is no internal opening but in the testes segments. 
the nephridia have a swollen end in the capsule of the 
testis. 

Blood Vascular system: 

There arc two systems of tubes containing a fluid 
like blood—a red plasma with a few colourless corpuscles. 
One system is the true blood vascular system consisting 
of two lateral trunks which are joined before and behind 
and in the middle by capillaries. The lateral vessels can 
contract but there are no hearts. 

The other system consisting of a dorsal and a ventral 
longitudinal stnus. The walls of this system are thinner 
than those of the other system. The second system 
represents the ccelome because it communicates with the 
capsflea of*^ the ovary and tes^s. The botryoidal tubes 
"rommunicate with the sinuses. 

Nervous system: 

The nervous system consists of two cerebral 
“ ganglia ” at the head part above the pharynx.* There 
'are two circumpharyngeal commissures connected with 
a double ventral nerve chord. The ventral chord carries 
about twenty-three pairs of ganglia, almost one for each 
segment. The subpharyngeal and the last ganglia re- 
• present several fused ones. Nerves pass to the body from; 
the cerebral and other ganglia. 
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Iteproductive system: 


animals are hermaphrod^e. The testes are 
fl&X^irs of organs from 12th to *^n segments. The 
testes of each side'haVe a commbn passage called “ Vas 


Hale. 

4 



l-Teflk. 
i —VaadefeniA 
3—Epiditiyoufli 
4 i 

s 



l“Ovftry, 
OvApy, 
3—Oviduct, 
♦^Vi^rina, 

5—Opeomg« 



r^^efens." T|)e two Vasa deferOntia join to 
yopihfd structure called la iegment 
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and open by a muscular “ penis.” The ” Penis ” has % 
” Prostate ” gland at the base. 

There occur a single pair of .ovaries which have 
oviducts uniting into a median vagina, and opening by 
the single aperture' in the 11th segment. The Eggs are 
laid in cocoons secreted by the clitellar glands in the 
skin of the 10th to l*th segments, ^^e eggs are laid on 
the holes of th^ banks; the young resembles the parents 
and at first feeds on the juice of small water'insects.^ It 
takes about three years for the maturation of a young 
• leech. Thus the group of leeches is characterised by : — 

(1) Segmentation of the body. 


Prawn 



t—]9t antenna, S—Sod ^kopodita, 4-^rd mi^ipedv 

5—l 0 t WUkUg fod Walk4e& 7—Srd Watk4e«, 8—4Ui WiOk* 

le^ 9-^th n«lk4eti, 10—Swimnimt SO—La^t pair of Swi^ereU 
with telsoQ on the. back» ll~Bo6truro. 12—'Eye, IS—Cephamhorax. 

14 to 10—Abdominal SegmenU. 

I 

(2) CioWd blood-vascular system. 

(3) Ni^ous system with cerebral-ganglig and a 
.. double ventral nerve-chprd. 

(4) Presence of coelome. 
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^ (5) Paired Nephridia. 

(8) Hermaphrodite condition. 

The freshwater prawn (palaemon): 

The Prawn belongs to the phylum Arthropods. 
The word Arthopoda is derived from “Arthron” meaning 
joint and podos a foot. The animal has jointed feet. 
The prawn, the scorpion and the insects, Butterfly, Bees, 
Ants etc., all belong to this phylum, because they all 
possess jointed feet. This is the largest phylum in the 
whole animal kingdom and is comparable in nltmber to 
all the animals put together of other phyla, '^'he Prawn 
occurs both in fresh and saltwater. The popular Bengali 
name of the animal is “ Goldachingree,*' and the 
scientific name is Palsemon. The Bengal variety is 
mostly confined to freshwater ponds, canals and rivers. 
The other variety of “ Chia^ee' known as “ Bagda 
chingree ” is found only Hi saltwater Jheels and is known 
scientifically as Pensus. The food of Palaemon consists 
of algae, moss and other weeds. 

The Arthropoda is divided into four classes and tllB 
name of the class to which the prawn belongs is called 
Crustacea.;, 

The Prawn belongs to the order Deeapada which 
owes its name to the fact that its members have their 
hinder five pairs of thoracic linbs adapted for locomotion 
typically as walkmg legs, 0 £d<^ includes the most 

highly organis^ crustaceans, such^^ praWns shrimps, 
and the true ^bs. 

, Urn systematic position of Pahemon is shown in the 
ifollo^rihg scheme: 


0 
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Phylum: Arthropoda, class: Crustacea, order,: 
Decapoda. Sub-order; Natantia. Family: Palemonidse 
Sub-family ; Palaemosinae, Genus: Plsmon. 

External features: prawn : 

The body is bilaterally symmetrical. It is segmented 
like that of the Leech but the number of segnfents is 
much less being only 10 in all, some of the segments 
being fused in front. The whole body is covered by a 
hard chitinous cuticle. The body is divisible into a 
fused anterior portion called the Cephalothorax an^ a 
segmented posterior portion called the Abdomen. The 
body is provided with variously modified appendages 
e.g., legs, jaws etc. covered by jointed exoskeleton, the 


Transverse Section of 
abdomen of Prawn. 



I—Tergiun, 8—Heuron, 

S-^ExopoditOs 4^Endo- 
podite, •5~Epiinaroii, 

^•Biramona appendage« 

% 

movable segments are known as podomeres. The 
.Cephalothorax has a shield-like covering cfalled ■ the. 
.-Carapace. The Carapace bears a saw-like structure, 
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Called the Rostrum. The Cephalothorax is formed by 
the fusioo of a number of segments. The presence of 
several pairs of appendages testify to this fact. A flat 
piece called Telson is found at the end of the abdomen 
on the undersurface of which the anus opens. The 
Tclsoir bears no appendages. Each abdominal segment 
has a dorsal piece at the back called Tergum and a 
narrow piece in the belly part underneath called the 
Sternum with a pair of V-shaped prolongations called 
Pleura joining them at the sides. A continuous ring is 
formed by the tergum, sternum and pleura of each 
segment. The limbs are joined to the sternum and the 
portion between the limb and the pleuron is called 
Epimeron. The terga overlap one another and the 
tergum of each segment is joined to the next by thin 
cuticle which allows some movement of the animal. 
The dorsal plate and carapace are fused to form dorsal 
shield. There is a chamber in which the gills lie on each 
side. This chamber is called the Gill-chamber and the 
covering is known as Gill cover or Branchiosteglte. 
The mouth and the sense organs lie in the head region. 
‘The mouth lies a little below the front end. Below the 
rostrum there are two stalked eyes, one on each side and 
below the e^es are seen two pairs of Antennse one pair 
on each side. These antennae serve as sense organs. 

The genus Palaemon has carapace less than one-dhird 
of the length of the animal: rostrum long and armed 
above and below with a varying number of teeth. The 
first pair of legs small, slender and chelate; the second 
pair of le^ aho' chelate, nriieh larger than the former, 
•the remalhii^ pairs simple and clawed. The third 
puodiliped pediform; The gills contisting of three 
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epipodites, one podobranch, two arthrobranchs and 
pjenrobranchs. 



1—Coxopod i te, i —Baiiipodite, 
a^Endopodite It Ischiopodite, 
4—Mcropoditfi# H^^Iarpopo- 

dk«» 6—Propoditc, 7—Dacty- 
*lcpodite» 8—Chela. 


1st Antenna 
of Prawn. 



1 & 3—FlageUa. 


12nd Antenna 
of Prawn. 



1—FlAgdlum^ 
9 —Exopodiic. 
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appendages or limte of prawn : 

There are thirteen pairs of appendages in the 
Cephalothorax but some authors calculate the number 
as fourteen counting the stalked eyes as one pair. The 
abdominal part has six pairs of appendages. The 
hardened pieces of the exoskeleton are called the scleritea 
and the thin membrane connecting them at each junction 
is called arthrodial membrane. The appendages are of 
biramous type i.e., more or less the ultimate portion is 
divisible into an Exopodite and an Endopodite at least 
in the larval condition. The total number of appendages 
is therefore nineteen excluding the stalked eyes and the 
telson which is not a segment. The first five segments 
form the head, the next eight thorax and the last six 
with telson abdomen. The third pair of Maxilliped show 
all the parts of a complete limb. Each has a basal part 
called Coxopodite above it, is the basipoditc. The 
Coxopodite and the Basipoditc together form the Proto- 
podite. The Coxopodite bears on its outside a flat 
portion called the Epipodite bearing a fringed structure 
called the Gill. The base of the Epipodite bears a tufted 
knob called the Coxopoditic Setee or Sctobranch. The 
Basipoditc l^ears a slender jointed structure on the outside 
called Exopodite and a stout five*jointed inner structure 
called Endopodite. The joints are named from the 
Basipodite as Ischiopodite, Meropodite, Carpopodite^ 
Propodite, and Dactylopoditc. The third maxilliped 
resembles a leg. The limbs are made on this plan but 
some part .may be absent on account of the particular 
function it has to perform. The first two pairs of limbs- 
ar^ Sensory which are used in search of food. The food 
consists of either living or dead organic matter. The next • 
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six pairs are used as jaws and arc found close to t^e 
ihouth because they have to bring food to the mouth and 
also help in chewing. The five pairs of walking legs are 
used exclusively for walking. The first two pairs end in 
pincers or Chelie ami arc called Chelipeds which are used 
for grasping or catching the prey. The third and fifth 
legs bear the openings of the Reproductive organs*at their 
bases. The appendages of the Abdomen are six pair.s of 
short legs used for swimming and hence are known, as 
Bwimmerets. The Telson is used for making rapid back¬ 
ward strokes. 

The first pair of appendages are known as 
Antennules. Here the protopodite is three jointed 
instead of two. The first joint bears on its upper side 
a slit edged with bristles, the Statocyst. The third 
joint bears two many—jointed flagcllae or feelers. They 
are often compared to exopoditc and Eiidopoditc. The 
outer flagellum bears on its under side of joints pecuilar 
bristles which arc supposc'd to .serve the sense of smell. 
The second pair of antennae bears the opening of the 
green gland or the Excretory organ at the base .of the 
Coxopoditc. The Basipodite is divided into two pieces. 
The Exopodite is a fiat, triangular pointed scale while the 
Endopodite is a long fiagcllum. The third appendage is 
the pair of mandibles. The Coxopoditc is a strong 
plate with toothed incisor edge which bites against the 
‘fellow on the other side of the body. Above the incisor 
edge and so Iiidden from ventral view is a broad irregular 
ridge called the molar process. In front o£ the Coxo- 
podite, a three-jointed palp is formed by the .Basipodite 

• and an Endopodite. The mouth bears the two mandibles 

• at the two sides. The fourth pair of appendages are the 
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fir|t pair of maxillae or maxillulae. Each has three thin 
plates jointed to the basal piece. One plate is an 
expansion of the Coxopodite the second represents the 
basipodite and the third the Endopodite. The fifth limb 



iHt MftxilU. 

1 & 8—Proton 
podite. 


MandibU of 
Prawn, 



1— Teeth. 

2— Endopo<lite. 
S—^Prolopodlte^ 



Igt Maxilliped. 
1—Exopoditc. 

9—Protopodite. 



*« 

9nd Maxiliiped, 
I—Podo branch. 

9—Endopodite. 

ProlopoiJ i tc, 
4—Exop<^ite. 



9nrl Moxilla. 

1 —nphopi at h ite, 
2—Protopodile. 



Snl Maxiliiped. 
^^Endopodito. 

2—Exop^ite. 

1—GiJl, 


is the second pair of maxillae. It is deeply cut into 


several •^parts. The protopodite bears two thin lobes 
directed towards tfte middle line of the body and'’each 
in turn is divided into two. The Endopodite Is a narrow 
structure directed forwards. The Exopodite is a wide 
plate directed forwards from the outer side of the limb 
aPd is known as Scaphognathite. The second Maxilla 


is ^tuated in the front end of the Branchiostegitq. .The 
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function of the Scaphognathite is to drive the current of 
water over the gills and thus bathing the gills and driving 
the current forwards out of the Gill chamber. It serves 
as an accessory organ of respiration. 

The sixth limb or the first pair of Maxillipcds belong 
to the thorax. It has two broad basal lobos called 
Coxopoditc and basipoditc, the Endopodite is small and 
unjointed and Kxopodite is large and looks like the 
third Maxilliped. The Epipodite is present but does not 
bear the gill. The second pair of Maxilliped is almost 
like the third but the Emlopoditc is small and the 


Fifth leg. 



1—<'oxopo- 
dite, 

5—Ischio, 

4 ' 'Metro, 

5~-Carpo, 

T—Daotylo- 
podiles. 

Exopoditc is relatively large. It bears a gill. The third 
has been already described. Then comes the five pairs 
of walking legs or Pereipoda. t 

The first two pairs bear pincers and are called 
Chelipeds. Each of the legs shows a five jointed Endo¬ 
podite and the exopodite is granting. The four pairs of 
legs bear gills on the Epipodite but the fifth pkir do not 
l)ear any gill. The leg has the following parts from the* 
base: — . - • 
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I (1) Coxopoditc, (2) Basipodite, (S) Ischiopodite, 
(4) Meropodite, (5) Carpopodite, (6) Pro- 
poditc and (7) Dactylopodite. 

The opening of the female reproductive organ is at 
the base of the 3rd leg through which the eggs are laid. 
There i^ a similar opening at the base of the 5th pair of 
legs through which the sperms are shed from the male 
generative organ. 

The abdominal appendages are the pleopods or 
swimmerets. Each has a short Coxopodite, a long 
Basipodite and an Endopoditc and Exopoditc, each 
having imperfectly separated joints. The Endopoditc is 
larger than the Exopodite and both bear bristles. In 
the male the first joint of the Endopodite bears a roIle<l 
up scroll. The sixth abdominal pair of appendages are 
very large. The protopodite is short and the exopoditos 
and endopodites are very broad. They form with the 
telson the tailfin used for hasty jerks in swimming. The 
base of each leg is attached to the body by arthrodial 
membrane. 

Outer Epidermis and Cuticle of Prawn: 

The Epidermis of prawn is a layer of protoplasm 
with many nuclei but columnar Epithelium graerally 
occurs with syncytium or undifferentiated at places. 
The Epidermis secretes a cuticle on the outside which 
becomes hard due to the deposit of lime salts and 
domains thin at the joints to allow movements of the. 
bo4y. The hard cuticle forms the Exoskeleton of the • 
']iK>dy!’ The animal sheds off the cuticle from time. to 





287 


time and a new one is secreted. This is called Moultiipg 
or Eedysis of Prawn. The basis of cuticle is chitin 
which is a compound of ammonia. The animal gets ri^ 
of nitrogenous waste material through this cuticle. When 
the animal is leaving the old cuticle a split appears on 
the back and along the limbs and the animal escapes 
from this old cuticle. In the meantime the aniVnal has 
to hide itself because the new cuticle takes several days 
to harden. The male generally moults twice a year and 
the female once a year. 


Skeletal and Muscular System : 

The animal has an outer skeleton of thick and hard 
cuticle. The thorax portion has an internal skeleton in 
the form of hard ingrowths of cuticle. This is called 
Endophragmal skeleton. 

The movement of the body is carried on by various 
striped muscle fibres. There is no continuous muscular 
layer. There are two sets of muscles for the movement 
of the abdomen. One is the extensor system be*ginning 
from below the carapace and continued along the base 
of the terga. The contraction of these muscles straighten 
the abdomen. There is another set of more powerful 
muscles on the ventral side attached to the sterna and 
Endophragmal skeleton. These by their contraction 
bring together the sterna and thus contract the abdomen. 
By these muscular movements jerks arc produced and 
^ the animal escapes from its enemies. Its gentle move¬ 
ments arc carried out by the walking legs and the padding 
of , the abdominal swimmerets. 
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Appendages and Segments of Prawn. 
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Body cavity: 

The body cavity or the perivisceral cavity of prawn 
is large and the organs lie in it. This is haemocoele 
because the blood vascular system comes in contact with 
this cavity. It is not a coelome. 

Alimentary system : 

The alimentary canal is derived from three regions 
in the embryo, the stomodaeiim, the mesenteron and .the 
proctodaeum. The stomodaeum develops into the foregut 
consisting of the buccal cavity, the oesophagus and the 
stomach; the mesenteron fonns the adult midgut and 
the hepato-pancreas while the proctodaeum develops into 
the hindgut. The foregut and the hindgut have an 
interhal lining of cuticle continuous with the cuticular 
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covering of the integument but the long midgut has ^ 
soft endoderraal lining. 

The mouth is n wide aperture situated on the 
ventral side of the Cephalothorax. It is bounded in 
front by a wide upper lip or Labnim and behind by a 
pair of lower lips or Metastoma. There is a short 
oesophagus or gullet which leads into the stomach or 
Proventriculus. This stomach has two chambers, a large 
front part or Mill chamber often called the “ Cardiac 
division ” of the stomach, and a smaller hind part or 
“ Filter chamber," often called " Pyloric division " of the 
stomach, separated from the mill chamber by a pit in 
the roof. (Two large plates are found in the two divi¬ 
sions of the stomach and are known as Cardiac and 
Pyloric Ossicles. Embedded in the floor of the cardiac 
stomach lies a large triangular cuticular plate called the 
hastate plate on account of its resemblance to the head 
of a spear. They are joined in the middle by two smaller 
pieces called Urocardiac and Prepyloric ossicles. The 
forked middle tooth projects from the prepyloric ossicle.' 
At each side of the pit the cardiac and pyloric ossicles 
arc connected by two more pieces the Zygocardiac ossicle 
and the Ptcrocardiac ossicle. The cardiac stomach is 
generally found filled with semi-solid food. In a living 
prawn the expansion and contraction of the stomach, 
allows the food to ' mix up with the hepatopancreatic 
‘secretion and thus the food is digested. There is no 
gastric mill in cardiac stomach. The Alter chamber 
leads into the short midgut or Mesenteron. The mid-gut 
js followed by the almost straight hindgut or intestine. 
•The Alter-chamber has many ridges covered with bristles* 
which serve to strain out the particles of food so '.thaU 



ALIMENTARY CANAL 


«0O 


on^y fine food enters the midgut. On each side of the 
midgut the Liver or Hepatopaucreas opens. The 
Hepatopancreas is a large lobed yellow gland consisting 
of numerous short tubes which open by ducts on each 
side of the digestive gland. The food is either raked 
up by the third maxilliped or torn to pieces by the 
Chelipeds and then passed into the mouth by the jaws. 
The mandibles cut the food into small pieces and then 
send to the proventriculus. Then the food passes to the 
midgut where with the digestive fluid from the gland 



1—Mouth* 2—Stomach, 8—Intestine, 

^Anua, 5 —Nerve cord, 0—Ventral vessel, 

7—Digestive gland, i^Heart. 


disgestion and absorption take place. The filtrate from 
the food passes backwards into the hepatopancreatic 
Itiucts, while the refuse over the filter consisting of larger 
^•articles of undigested or .indegcstible food is pushed 
upwards into the dorsal chamber of the pyloric stomach, 
whence it is pressed backwards into the midgut. The 
liindgut * has a swelling near about the anus. The 
hepatopancreas or the so-called liver is a massive compact 
organ, orange-red in colour consisting of two lobes. The 
■ large bulk lies behind Uie cardiac stomach but a part of 
it lies around the floor and sides of the stomach. Dorsalty 
it is covered by reproductive organs and heart. The 
iptestine leads to the anus which opens below the telson. 
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Vascular system : , 

The Heart is a triangular (on surface-view) hollow 
organ on the dorsal side of the animal with muscular 
walls. It is situated in the thorax within a space called 


1s:0fttia 


Heart 



V 

Ventral side 


DsDorsal side. 

I 

o 



Pcrioaniial Sinus. Five pairs of openings called Ostia 
are found on the heart through which the cavity of the 
Heart communicates with the pericardium. The ostia are 
guarded by valves, which allow the blood to enter the 
Heart from the pericardial sac but not otherwise. The 
Ostia are situated in the following way :— 

(1) One pair is seen on the ventral side of the 
heart. 

(2) Second pair is found on the outer sides of the 
dorsal surface. 

(3) Third pair occurs dorsally close to each other 
in the middle line. 

(4) Fourth pair is seen dorsally at the posterior 
border of the heart. 

(5) Fifth pair is at the outer angles of the posterior 
border. 


Arteries and veins : 

Blood vessels which are sent from the heart to 
different parts of the body are called Arteries. “Tbey 
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ca^y pure oxygenated blood to the different parts of the 
bpdy. Blood vessels which bring blood from various 
parts of the body to the Heart are called Veins. They 
carry impure blood. 

Blood vessels of prawn : 

The heart receives all its blood from the pericardial 
sinus. When the heart contracts, it pumps out all its 
blood into the arteries which have strong muscular 
walls. 



1—Heart, 8—Antennary, S—Hepatic, 

4—Antoiiuuy, & —^ADastomosis, 

6—Dorsal Abdominal, 7—Ventral Abdominal. 

Three blood vessels arise from the front end of 
the ,Heart-^ median Ophthalmic artery which runs. 
forw^ds over the^ stomach and joins the antennary 
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arteries. Two antennary arteries run forwards on the ' 
two sides of the opthalmic artery. Each antennary artefy 
divides into three branches, (1) a pericardial branch; 
(2) gastric branch and (3) a mandibular branch supplying 
blood to the pericardial sinus, the cardiac stomach and the 
mandilular muscles respectively. After giving off these 
branches, each antennary artery divides into a dorsal and a 
ventral branch. The dorsal branch gives an optic artery 
to the eye and the ventral branch supplies the antennulc 
and the antenna. Below the antennary arteries are given 
off two Hepatic arteries which supply the Liver. The 
hinder portion of the Heart gives off a vessel which at 
once divides into a (1) Supraintestinal artery which runs 
below and is situated above the intestine and supplies 
the muscles of the intestine and (2) a sternal artery 
which goes through an opening in the ventral nerve cord 
in the ventral part and divides into a Ventral Abdominal 
and a Ventral Thoracic artery by which the limbs are 
supplied. The blood vessels branch minutely but there 
are no Clapillaiiies. Ultimately the branches open into 
Sinuses and thus the Blood va.sculnr system comes in. 
direct contact with the body cavity, for which it is loiown 
as Hajmocoele. The largest of these is the Perivisceral 
Cavity. The blood from the limbs and to a great extent 
from the perivisceral cavity collects in a sternal sinus 
which lies in a space formed by the Endophragmal 
.skeleton which contains the ventral Nerve cord and the 
Ventral blood vessel. The blood is carried from this 
sinus by afferent branchial sinuses for oxygenation in the 
Gills. After oxygenation pure blood passes by Efferent 
branchial sinuses, to the pericardial sinus from which it 
enters the heart and becomes distributed by various’ 
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vessels. Part of the blood around the stomach passes by 
a vessel from the branchio-stegite to the pericardial sinus. 
The vascular system of the Prawn is said to be open. 

The blood of Prawn is a clear fluid which contains 
white corpuscles and coagulates readily which is an 
advantage for an animal having open vascular system. 
Haemocyanin an organic compound of copper plays the 
same part as Hsemoglobin of higher animals. It takes 
up the oxygen in the respiratory organs and gives it off 
to the tissues. In the oxidised condition it tinges the 
blood blue but colourless when deoxidised. 


The course of circulation of blood in palaemon. 


Heart 


Arteries 


Arterial 
branches to 
viscera and 
appendages 

filood-lacunfle 
of the hmiocaele 


Pericardial Sinus 


Efferent branchi^ 
channels (Branchio- 
cardiac canals) 



Chamiels 

Ventral ] 

simisea ! 
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Afferent Lateral long channels 
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The blood-ainuaes and the blood-channels: 

The blood in Uie various organs of the body flows througfi 
network of hsemocoelic lacunae or siuusea distributed throughout tAe 
body and is finally receded into a pair of ventrid sinuses which are 
situated below the bepatopancreas and the flexor muscles of the thorax. 
These two adjacent ventral ainuses communicate with each other. 
These sinuses are protected ventrally by the sterna and the endophragmal. 
skeleton. * 


From the ventral sinuses blood is carried to the gills on each 
side by six definite channels called the Afferent branchial channels. 
These channels are also lacunar in character. Of the branchial channels». 
the last five send blood to Uie pleurobranchs while the first channel 
supplies the two arthrobranclis and possibly to the podobranch. In 
the gills the blood circulates and is aerated. The aexaled or oxygenated 
blood returns to the pericardial sinus through the six pairs of efferent, 
branchial channels (brancbio^ardiac canals). It is seen that the 
afferent and efferent channels pierce (he wall of the thorax one above 
the otlier and therefore, on removal of a gill, two openings are exposed 
at the root of each gill. 

Respiratory System : 

The respiratory organs of the prawn consist of the 

lining of the carapace, three pairs of epipodites, and eight 

pairs of gills or branchiae, all of which are situated in 

the large but compressed gill-chambers, one on each side 

of the thorax. Eadi gill-chamber is enclosed between 

the branchiostegite on the outer side and the wall of the 

thorax on the inner and is in communication with the 

exterior along its anterior, ventral and posterior borders- 

but is closed along its dorsal aspect. The thin inner 

lining of the branchiostegite contains blood-lacunae and 

is constantly bathed in fresh water, thus forming a respi-r 

taioty surface. 

% 
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The respfiratory system consistsf of eight Gills on 
ea^h side which He inside the Gill Chamber. The gill 
chamber is bounded on the out-side by the Branchiostegite 
and by fused Epimera of the ccphalo-thoracic segments 
on the inside. The chamber is open in front, below and 
behind.' A current is produced by the scaphognathite 



1—lAt antenna, 9^<nd antenna, 3—4—Gill, ,1—3rd 
maxilliped. 6 to 10—Legs, tl—Rosturm. 12—Carapace. 


Within the branchial chamber. The gills arc of three 
different names according to their position. When a gill 
is attached to the basal podomere (coxa) of an appendage, 
it is known as a podobranch ; when attached to the 
arthrodia] mepbrane connecting the appendage to the 
body, it is called an arthrobranch ; but when it is 
attached to the lateral wall of the segment to which the 
appendage belongs, the gill is called a pleurobrarich. 
Starting from the anterior end, we find that the first 
maxilliped bears no gill but only a bilobed epipodite. 
The secohd maxilliped bears both a podobranch and a 
small epipodite. The third maxilliped bears two arthro-. 
and a small epipodite. GUIs of the segments of 
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the five walking legs, are five pleurobranchs. The first 
:gill is a podobranch being attached to the base of the 
second maxilliped. The second and third gills are arthro- 
branchs being attached to the arthrodial membrane of 
the third maxilliped. The remaining five gills are pleuro- 
branchs. 

The epipodites are simple leaf-like plates at&ched to 
the coxal joints of the three maxillipcds and each out¬ 
growth of the epipodite forms a simple primitive type of 
gill. The epipodites lie in the anterior part of the gill- 
chamber below the scaphognathite; of the eight gills, 
seven are exposed on removal of the gill-cover but the 
eighth lies hidden beneath the dorsal part of the second 

gill- 

The gills are thin walled and each gill consists of 
numerous delicate plates arranged like the leaves of a 
book. The plates have a stout axis. The gill axis is 
attached to the side of the animal. The axis carries an 
Afferent vessel and an Efferent vessel. The thin-walled 
gill exchanges CO 2 and takes up oxygen from the current 
of water and thus the blood becomes oxygenated. The 
scaphognathite keeps vibrating incessantly so as to pro¬ 
duce a continuous current of water flowing through the 
gill-chamber. Water enters the gill-chamber along the 
posterior and ventral margins of the branchiostegite ; it 
then passes over the gills and reaches the antAo-dorsal- 
depression of the gill-chamber, wherefrom it is expelled 
out at the anterior end by the baling action of the 
scaphognathite. The vibratory movements of the scap¬ 
hognathite arc supplemented by the movements of the 
' whip-like exopodites of the maxitlipeds which whisk away 
'from the sides of the animal the water which the scapKoj- 


20 
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natfaite has baled out. The gill-chamber containing the 
epipodites and gills and the lining of the carapace are thus 

4 

constantly being bathed in a current of fresh water. 
Excretory System : 

The excretory organs of the Crustacea comprise two 
pairs of glands: (a) the antennary glands opening at 

the bases of the antennae and (b) the maxillary glands 


Nervous sysiem of inwn. 


1^43erebral 


S—Cireuiooeff)phageal 
commwuie. 

S—Comective. 


4—Thoracic 
gau^ia. 



5—Ventral nerve 
cord. 


6— ^Abdominal 
ganidie, 

7— Nerve to 
gut. 


t 

at te bases of the maxillae. Both t}rpes of glands 
• iratfunction at the same time; as a rule, one succeeds 
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the other. In Decapods like prawn, the maxillary glands 
form the larval kidneys while the antennary glands form 
the functional kidneys of the adult. The kidneys of the 
adult prawn are a pair of antennary glands. 


The Excretory organs are also known as Green 
glands. The glands are situated in the Head apd their 
ducts open at the base of the second antenna;. Each 
renal gland consists of a single much coiled tubule with 
connective tissue. The renal branch of the Antennary 
artery comes in contact with the Renal tubule. The 
blood gets rid of the nitrogenous waste products in the 
cells of the Renal tubule. There is a dorsal Renal sac 
which lies dorsal to the stomach and below the carapace. 
The .sac contains fluid and is connected with the Repro¬ 
ductive organs. There arc two ducts from the Dorsal 
Renal sac which pass to the ventral side and open into 
the Renal saccules, one on each side. The saccules are 
situated on the inner side of the Renal glands. The 
saccules send two ducts to the excretory apertures of the 
two sides. 

Besides the antennary glands, the integuntent is 
believed to be an important organ of excretion. 


Nervous System : 

The nervous system resembles the nervous system of 
•the Leech. The Brain or cerebral Ganglion or supra- 
CBSophageal Ganglion is situated between the green glands. 
It gives off nerves to the Eyes and the Antennae. It 
sends below two circumoesophageal Commisurea to join 
.behind the oesophagus. Below it. is the Thoracic Gapg- 
. lion supplying the third MaxUlipeds. Here the fusioh 
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g^glia has taken place foming thoracic ganglionic mass. 
In the circumoesophagcal commissures a loop is formed 
by the line nerve cords round the oesophagus. ^JThis is 
known as Postoesophageal loop. The Thoracic ganglionic 
mass is perforated by the sternal artery. It supplies 
nerves to all the appendages of the cephalothorax. The 
thoracic ganglionic mass gives rise to a double ventral 
nerve cord. This cord has six ganglionic swellings corres' 
ponding to six segments. Each ganglion gives rise to 
nerves which supply the muscles. The sixth ganglion 
supplies the sixth segment and the telson. 

The nervous system therefore consists of : (a) a pair 
of supraoesophageal ganglia or the brain connected by 
(6) a pair of circumocsophageal commissures with (c) a 
ventral nerve-chain of paired ganglia lying in the mid- 
ventral line along the whole length of the body of the 
prawn and (d) the visceral nervous system consists of a 
number of Small ganglia in connection with the cesophagus 
and the stomach. 


Sense Organs: 

The setae or hairs distributed all over the body may 
have the function of tactile organs. The sensitiveness of 
the Antennse,serves the animal to search for food. 

Organs of smell or Olfactory organs:— 

The sets on the outer flagellum of the first antc^ule 
may have the function of smell. 


.Eyes or sense of sight:— 

I i 

There are two stalked compound Eyes. Each eye 
Compound *.a. consists of a large number of simple 
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visual elements called ommatidia or ocelli. Each Eve 
has a number of elements called Ommatidia. The Eye 
' is black owing to pigments in some of its cells. It is 
covered with a colourless portion of the cuticle called 
Cornea which is divided into a number of square facets, 
each of which corresponds to an ommatidium. Each 
ommatidium has a complex structui'c. Each is an 
elongated bod}' consisting of a number of cells derived 
from the Epidermis with refractive bodies secreted by 
them. Beneath the corneal facet lying at the surface of 
the eye are situated a pair of eorncagen cells which 
secrete a new cornea when the old one is discarded during 
eedysis. Ikmeath the curneagen cells lie tall cells called 
the conc-cells or vitrellae. These cells surround the 
cryalalUnc cone. Beneath the crystalline cone lies the 
rhabdome which is surrounded by retinular cells. The 
rhabdome and the reliuular cells together form the 
receptor or retinal part of the ommatidium. The inner¬ 
most cells form a group called Retinula whose inner ends 
arc continued into nerve fibres. It is regarded that a 
mosaic of images is combined in the nervous system to 
give a single impression of objects seen by the prawn. 

Statocyst or Otocyst or organ of Hearing: — 

These are a pair of sacs at the base of the first 
antennules and are. connected with nerves. The ^ sac has 
a lining of hairs which are connected to the nerves. The 
sacs are filled with sand grains. This organ is a 
balancing apparatus of the animal. The sand grains 
move against the hairs and the direction of the body is 
perceived through them. Fonnerly the o^an was 
’ regarded as an organ of hearing but recently experiments 
carried on with moulting prawn disprove the focmer idear 
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Irpn grains were placed inside the sac and a magnet 
attracted the iron grains which changed the direction of 
the animal and proved their balancing power. The 
statocysts have been shown to be organs for perceiving 
the direction of the force of gravity. 

Reproductive System: 

The seses are separate. These organs lie above the 
gut and below the pericardium. The organs in both 
sexes have lobes. Two ducts open to the base of the 
third and fifth thoracic legs (Maxillipeds). The females 
are smaller than the males of the same age. 

Male : 

The testes arc two in number and the anterior 
portion is attached to the renal sac in front. The Vasa 
Defcrcntia or sperm ducts are much coiled tubes beginning 
from the testes and ending by a shorter portion at the 
base of the fifth legs. Each spermatozoon has a cup-like 
body and a stiff tail. The testes fuse at the anterior 
part but are free po.steriorly. The end of the vas 
deferens is dilated and forms vesicula seminalis. 

Female: 

There are two ovaries which lie near the Renal sac. 
Ova are pnoduced within them. The two ducts from the 
ovaries are short and open at the base of the third 
^^oracic leg. The ova are htrge, each with a nucleus and 
plenty of yolk material. 

Development: 

Generally pairing takes place in September and 
October 1 . 6 . just after the rains. After the ovum is 
fertilised it is held fast in the swimmerets. Segmentation 
<!;akes place there and a larva hatches out which is called 
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the Zoea larva. The larva moults several times unjiil. 
the adult form is reached. This is called the Metamor¬ 
phosis of Prawn. The hard covering is shed from time 
to time to make room for growth taking place in the 

OvMy of prawn. Testa of prawn. Sperma and 

ova of prawn. 



1 —Ovary. 1—Testis. 1—Ovum. 

a Oviduct. 2—Vasdcfems. 4—Sperm. 

8—Opening. 8—Opening and last part. 

meantime. The Zoea has a cephalo-thorax and a 
segmented abdomen. The appendages of the cephalo- 
thorax are all birnmous and have two pairs of antenme, 
one pair of mandibles, two pairs of maxilla, thre.e pairs 
of maxillipeds, three pairs of thoracic legs. The abdo¬ 
men has no appendage. The carapace has a small 
rostrum. There is one median Eye called Nauplius Eye 
in addition to the pair of compound Eyes. After several 
moults the Zoea becomes a Schizopod or Mysis. It 
differs from the Zoea in that two or more thoracic 
appendages appear. The Mysis moults several times 
and reaches the adult or prawn stage. Several modifica- 
.tions occur in the cephalothoracic appendages, the 
' nauplius Eye is lost and the abdominal appendages 
appear. * .« 
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Prawn can reconstruct a lost limb by regeneration. 
This is helpful because the animal can escape from its 
enemy by leaving the limb. This power of regeneration 
is known as Autotomy. When the leg is separated blood 
clots tho. injured part and gradually the limb grows with 
each moult. 

Bhetki: 

The fish is scientifically known as Lates Calcarifcr. 
The name of each animal or plant in Biology has two 
parts. The first part refers to the Genus and the second 
part refers to the Species to which the animal belongs. 
This is known as Binomial Nomenclature. The great 
Biologist Linnaeus first found out the value of such 
nomenclature and promulgated it. 

The animal is a type of Chordata and specially of 
Vertebrata. The higher animals all have a stnicture 
called Notochord which is generally dorsal in position. 
There are some lower Chordates where the Notochord is 
either rudimentary or confined to the larval condition 
before the attainment of the adult structure e.g,, 
Balanoglossus, Ascidian etc. The “ Bhetki ” has a 
vertebral column which is derived from the Notochord. 
The case of the notochord is replaced by a bony column 
called the Vertebral column and hence the name Verte* 
brata. Therefore the presence of vertebral column is a 
- oharacteristic feature of the vertebrata which is generally 
dorsal in position. The second characteristic is the 
presence of openings in the back of the throat called. 
Gill slits. These Gills are richly provided with blood 
Ye^ssds in Bhetki and help the animal in carrying .on 
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the process of respiration but in the more advanced 
groups like the Guineaping or man the clefts are onfy_ 
present during the developmental stages of the fcetus 
and are absent in adults. The third characteristic is the 
presence of the Brain and the spinal cord in the form 
of a tube. The fourth characteristic is the presence of 
a Coelome and a Heart which is ventral in position. 

Habitat: 

The fish Bhetki occurs in the saline estuaries of 
Bengal. It is used largely by the inhabitants as an 
article of food. The si«e varies from four inches to four 

4 

foot in length. 

External Characters: 

The fish has a head, trunk and a tail. There 
is no neck. There is a distinct line visible on each 
side of the animal (which is fiat from side to side) 
which is known as the Lateral line provided with 



’1—Moutb, 2—^Eye, 3—Nostril, 4--Operculum, 5 —^Brauchio-Stegal 
membrane, 6—Pectoral fin, 7—^Pdvic fin, 8—Anal fin, 9—^Auus 
etc.* 10—Caudai fin, 11—Dor^ fin No. 8* 

18—D. fin No. 1,19—^Lftteral line. 

sense organs extending from head to. tail. The whole 
' body is covered with scales. The scales are covefed* 
by .the epidermis which secretes a slimy mucus which} 
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m^kes the animal diflicnit for a catch with hand. There 
are a pair of nostrils on each side. There are two eyes 
but they are not provided with an eyelid but a trans¬ 
parent membrane covers each eye which is called 
Nictitating membrane. There is a large mouth inside 
which palatine teeth are found when the mouth is opened. 
On the roof of the mouth is a double row of vomerine 
teeth. There is a large tongue which forms the floor of 
the mouth. The region from the mouth to the Oper* 
culum is known as the Head. The trunk extends from 
the Operculum to the anus and the region behind the 
anus is the tail. 


Apertures of Bhetki: 


(1) The mouth is large and terminal. 

(2) Double nostrils on each side i.e., each Olfactory 
sac has two apertures externally, the anterior one is 
provided with a flap-like valve. 

(S) The gill-chamber has a bony covering called 
Operculum which shelters the gills or respiratory organa 
^ of each side. The operculum is continued into a slimy 
membrane supported by bony rays called respectively 
Branchioste|al membrane and Brancbiostegal rays. 


(4)' At the posterior ventral side near the anal fln 
thm is a slight depression of the skin having three' 
apertures called the Anus in front. Genital in the middle 
and Urinary behind. 


Fins:' 

4| 

The appendages of the 


flsh ate called the fins. 
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^me are unpaired (single) and median while the others 
are paired and lateral. They are :— 


(1) Dorsal fin, median and unpaired. 

(2) Posterior Dorsal fin, median and unpaired. 

(3) Caudal fin or tail. It is of the homocercal 
type i.e., symmetrical in form. It is the chief 
organ of locomotion. 

(4) Single Anal fin behind the Anus. 

(5) Paired Pectoral fins just close to the Gill' 
opening. 

(6) Paired Pelvic fins on the ventral side of the 
animal. 


Muscles of the Body : 

The muscles arc known as Myotomes or Myomeres. 
These are arranged segmentally on the two sides of t^e 
body. There are two sets of such muscles one below 
the other separated by the lateral line. The muscle 
'segments arc V-shaped and each segment is connected 
with the other by connective tissue. 

There are some other muscles which^Te" used for 
controlling the fins. These muscles are voluntary. 

Coelome: ■ 

The body cavity is called the Coelome. The largest 
cavity is the abdominal cavity containing the abdominal 
organs. There is another cavity called the Pericardial 
•cavity, containing the Heart. The abdominaf 'cavity is 
lined by a layer of Epithelium called Peritoneum. The 
layer covering the organ or organs is called tbe Visceral 
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layer, while the layer which lines the wall of the body- 
cavity is called the Parietal layer. The two layers vtz., 
visceral layer and parietal layer form a continuous layer 
on the dorsal side below the spinal column which is known 
as the Mesentery. This is used to hold the abdominal 
organs in position. 


Alimentary System: 

The mouth is wide and leads into a part called the 

Buccal cavity au<l is continued inlo the Phaiynx. The 

\ % 


Alimentary 


1—Ocaopliagub 
S^Stomd<h 
S—Caecum 


i>er 
5—Intestine 
Anus 

7— Liver, 

8— HecUim. 



Air bladder 



1—Bladder. 


Pharynx is perforated on each side by four apertures 
called Gill-slits. The Pharynx is followed by a short 
fesojfhagus which opens into the elongated stomach. 
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There are both palatine and vomerine teeth. They are 
mainly used for preventing the food from slipping Aiiit 
of the mouth. They are not implanted in sockets and 
are not used for cutting or chewing. 

The stomach has two ends. The end towards the 
pharynx is called the cardiac end. The other end from 
which the intestine begins is called the Pyloric end. The 
pyloric end has a number (5) of blind pouches called 
Pyloric caeca. The pyrolic end is provided with a valve 
called Pyloric Valve. The pyloric ewea open into the 
hrst part of the intestine. The intestine is a much coiled 
tube which ends in the Rectum. The Rectum opens by 
an aperture called Anus. There is no distinct Pancreas. 
The coils of the intestine are richly laden with fat and 
they are kept in position by the mesentery. (The rectum 
is not clearly distinguishable). 

The Liver has two long lobes and a small and 
has a gall bladder. The spleen lies on one side of the 
intestine. 


Swim-Bladder : 

There is a thin sac just behind the alimentary canal 
and in front of the Vertebral column. This is called the 
Air-Bladder or Swim-Bladder. The bladder has two lobes 
■ called the anterior and posterior lobes. The air-bladder 
is a hydrostatic organ i.e., it functions as a float viz., it 
renders the flsh bulk for bulk of the same weight as the 
water in which it lives that is, it gives buoyancy to the 
.'iish according to various depths of water. It arises as 
41 diverticulum of the alimentary canal. 
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Functions of the Air-bladder: 

« 

(1) The most important function of the air-bladder 
is hydrostatic i.e., it acts as a float for the fish as already 
explained. 

(2) It acts as an accessory respiratory organ in some 

fish. 

(d) It acts as a sound producing organ by the 
vibratory movements in the gases contained inside the 
organ due to the rapid contraction of the muscles asso¬ 
ciated with the walls of the air-bladder. 

(4) It serves as an accessory organ of hearing in 
some fish. 


The gases contained in the air-bladder are oxygen 
>%, nitrogen 30% and CO 3 6 %. 


Heart and Vascular System: 

l^he heart of Bhetki consists of a sinus Venosus, an 
auricle and a ventricle. The heart lies within a sac called 
Fercardium. 

The Sinus Venosus is a thin-walled sac lying poste¬ 
riorly and receives the impure or venous blood of the 
body from tfad Anterior and Posterior veins. 

Thf Auricle is placed ventrally to the sinus venosus. 
The blood is directed by valves from the sinus veno'Su^ 
to the Auricle and not otherwise. The auricle has thin 
>fBlla. 

The ■ Ventricle is thick-walled. Its contraction forces 

T _ • 

:the blood into the ventral Aorta. The aperture between 
the auricle and the ventricle is guarded by valves and . 

t 
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Systemic veins bring blood directly to the Heart. 
Portal veins have to bring the blood through 6onv3 
intermediate structure. The Afferent Branchial Arteries ■ 
although they have been included under Arteries may be 
described as real veins as they carry impure blood to the 
Gills for oxygenation. 

There are two principal veins in the anterior part of 
the animal bringing blood from the head region called 
Anterior Cardinal Veins. The two veins coming from 
the lower portion are known as Posterior Cardinal Veins. 
The Anterior and Posterior Cardinals of each side unite 
to form a common vessel called Precaval Vein or Ductus 
Cuvieri before opening into the sinus Venosus. There 
arc two veins also coming from the Liver to the sinus 
venosus called Hepatic Veins. The right posterior car¬ 
dinal is a continuous vein from the tail region. The 
right posterior cardinal lies ventrally to the kidney. These 
are all systemic veins. 


Pbrtal Veins : 

There is a Renal portal system. Blood from the 
region of the tail is collected by the Caudal Vein lying 
along side the Caudal artery. Before entering the kidney 
the Caudal vein divides into two Renal portal veina lying 
Qn the back portion of the kidney. The right Renal 
portal vein is continuous with the right posterior Cardinal 
vein. The left Renal portal vein is broken down into 
capillaries and then the left posterior cardinal, vein is 
farmed by a number of small veins from the substance 
of the kidney. 


21 
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Hepatic Portal System : 

The hepatic portal system is formed by a number of 
veins bringing venous blood from stomach, intestine, and 
rectum, and enters the Liver by a single vein called 
Hepatic portal vein. There is a system of rapillaries in 
the Liver and ultimately the blood passes to the sinus 
Venosus by two Hepatic Veins. 

Blood : 

The blood of Bhetki consists of a liquid portion 
called the Plasma, and two kinds of corpuscles float in it. 
There arc white blood corpuscles and red blood corpuscles. 
The white ones are nucleated and amoeboid. The red cells 
are oval nucleated and contain a red pigment called 
Hemoglobin. 

Circulation : 

Venous blood of the body enters the Heart through 
the two prccaval veins. From the sinus Venosus, the 
blood passes to the Auricle, then to the ventricle and 
by means of the ventral aorta to the (rill.') for purifica¬ 
tion. After oxygenation pure blood is supplied by the 
Cephalic arch and the Dorsal Aorta to the different parts 
of the body. There is a system of capillaries by which 
the arteries communicate with the veins. The arterial 
blood after ramifying in the tissues by fine branches 
becomes impure and then enters the capillaries and then 
goes to the veins; thus a continuous channel is estab¬ 
lished. The contraction of the Heart pumps the blood 
to different parts of the body. The cycle is repeated 
* all the time the animal is alive. 
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Excretory System : 

There arc two elongated kidneys, which begin alin<fst 
below the Gill arches and extend to the end of the 
abdominal cavity. They arc the .second step in the 



I •^Kidney, 
Ureter. 

5—Bladder. 


development of the kidneys and are known as Mesono- 
phros. The surface of the kidney is perforated by fine 
^ertures through which the kidneys have communication 
with the peritoneal cavity. The two kidneys arc almost 
fused in the middle line. Each kidney has a passage 
beginning near the middle, passing downwards joins up 
to form the [Jrinary Bladder. The urinary bladder 
opens by an apt'rture to discharge the waste products of 
.the body. The kidneys lie just on the ventral side of 
the vertebral column. 

Respiratory System : 

$ ft 

The respiratory organs of the fish Bhetki are the gills. 

^ They lie in a chamber which is covered externally by* a 
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plate of bony structure called Operculum. The operculum 
consists of four bones called Operculum, Pre-operculum, 
Inter-opcrculum and Sub-operculum. The bones are moved 
by muscles. There is a membrane behind and below the 
operculum which is called the Branchiostegal membrane 
which can perfectly close the chamber. This bony 
mechanism is always opening and closing to drive out the 
incoming water from the mouth during the whole life 
time of the animal. The Gills are placed on four Gill 
arches separated by five Gill clefts. The Gill chamber 
opens internally into the Pharynx. Each Gill has two 
book-like folds consisting of a number of Gill filaments. 
The arches carry the afferent and efferent vessels. The 
filaments are richly supplied with fine blood vessels called 
Capillaries. 

Mechanism of Respiration : 

The water enters the mouth of the fish and passes 
through the Gill clefts to the Gill chamber which drives 
the water out by lifting the Operculum. The process of 
respiration consists of two different actions viz.. Inspira¬ 
tion or the taking in of water and expiration or driving 
out of water. During inspiration the water enters the 
mouth and> whDe passing through the clefts the water 
washes the gill filaments when oxygen is supplied to 
the blood inside the capillaries there. This oxygen of 
course comes dissolved in the water. The waste product 
in the form of CO 2 is exchanged for it almost simul¬ 
taneously and the CO 2 passes out dissolved in water. 
The Hyoid arch is retracted when the mouth is opened 
in. taking food or in inspiration and at the same time the. 
Gill aperture is closed. But the Gill aperture opens when . 
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Swallowing food and at the same time the Hyoid arch is 
brouglht forward, ' 

Brain and Nervous System : 

The Brain consists of two Olfactory lobes in front. 
The cerebrum lies below them. The cerebrum consists 
of two hemispheres having a longitudinal fissure between 
them. The thalamencephalon comes next and is partly 
covered by the Cerebrum. On the ventral aspect is the 
Infundibulum to which is attacheil the Pituitary body. 
In the dorsal side is the minute Pineal body. On the 
ventral aspect there is a crossing of the Optic nerves. 
There are two large optic lobes. Then comes the Cere¬ 
bellum which is lai-ge and median in position. The final 
part is the Medulla Oblongabi continued in the Vertebral 
column as the Spinal Cord which runs down to the tail. 

1—<.)lfootory, 

4—Cerebrum, 

8—Optic lobe, 

4—Cerebellum, 

J^-^Nerves, 

6-^Medulla 
obluDgata. 

Cranial Nerves: 

There are ten pairs of cranial nerves :— 

1. Olfactory supplying the nostril. 

2. Optic Nerves supplying the Eyes. 

3. Oculomotor Nerves arise from the mid-brain 

and supply four out of six muscles of the Eye-* 
ball. • . 


Bmin 
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4. The Pathetic Nerve arises from the point 
between mid-brain and medulla oblongata. It 
supplies the superior oblique muscle of the Eye. 

5. Trigeminal Nerve is of great size and wide dis¬ 
tribution. It arises from the side of the 

« medulla. It has a ganglion near its origin 
called the Gasserian Ganglion. It divides into 
two branches viz.. Ophthalmic and Mandibular. 
The Ophthalmic again divides into deep and 
superficial branches which supply the skin near 
the mouth and the orbit. The Mandibular 
nerves supply the jaws. 

6. Abducent is a small nerve arising from the 
Medulla and supplies the muscle of the Eye. 

' 7. Facial arises from the Medulla also it has two 
branches, viz.. Palatine .supplying the mucous 
membrane of the palate and the Ilyoniandibular 
supplying the Lower jaw and the Hyoid arch. 

8. Auditory Nerve supplies the organ of hearing. ^ 

9. Glossopharyngeal arises from the medulla and 
supplies the first branchial arch. 

10. \5agus or Pneumogastric arises from the side of 
the Medulla and has a ganglion called Vagus 
Ganglion. It gives off nerves called Braijchial, 
nerves to the Gill-sIits. The Vagus also gives 
off a Cardiac Nerve to supply the Heart and 
a Gastric branch to the stomach. A nerve 
arises in fish from the Vagus and is known ns- 
the Lateral Nerve which supplies the Lateral 
V line sense organs of fish. 
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Spinal Cord : ^ 

The Spinal Cord is a long continuation of the Brain.’ 
Nerves arise from it and are known as Spinal Nerves 
which supply the various parts of the body except the 
cranial portion. 

Sympathetic System : 

There arc two cords of Nerves on the two sides of 
the Vertebral Column. The sympathetic cords are united 
at ,the anterior portion w'ith the Vagus. The cords run 
towards the tail by the sides of the precaudal vertebra; 
and pass along the hicmal canal by the side of the caudal 
artery. 

Sense Organs : 

Tactile Sense Organs: 

These are found in the form of cells of the Epidermis 
on the surface of the body. 

Olfactory organs arc represented in the na.sal sacs 
.supplied by the Olfactory Nerves. 

Taste organs occur as Tastebuds in the PhaVynx. 

Ear; 

There is only Internal Ear. 

There are two eyes which are complicated organs. 

' Reproductive System : 

The animals are either male or female. The male 
organs are the testes in the form of sacculated tubes. 
*The testes are paired organs and extend almost to the 
whole length of the abdominal cavity. Each testis has k 
duct which joins with the other duct and open to the 
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exterior by a single aperture. The ovaries are also saccu¬ 
lated organs and are much wider than the testes. 
Sometimes the ovaries are filled with numerous ova. 

Ovary. Tcslin 


1—Testis, 
*—Duel. 


They have ducts which unite to open to the exterior by 
a single aperture between the Anus and the excretory 
aperture. The sexual organs are not well-developed in 
the young fish. 

Skeleton: 

The skeleton of Bhetki consists of a cranium which 
contains the Brain. The cranium consists of a number 
of bones but the detailed study of which is not meant 
for the Intermediate students. 

The bones of the cranium are :—The dorsal part of 
the skull consists of two bones called Farietals, in front 
of which are the two frontals. On the side of the 
parietal bone is the Pterotic bone. The sphenotic lies 
in front of the Pterotic. Below the Sphenotic lies the 
Orbital which is seen from the side. The Mesethmoid 
bone lies in front of the Frontals with two lateral 
Ethmoids. The Nasal bone lies in front of the Lateral 

4 

Ethmoid. ' The Maxilla and Premaxilla lie in front of 
the^ Mesethmoid. The Jugal bone is seen from the side 
srticulating with the first orbital. There are five otic 
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bones on each side of the skull e.g., Epiotic, Opisthojtic, 
Pterotic, Prootic and Sphenotic. At the back of the 
skull there arc four bones e.g., Basi-occipital, two lateral 
occipitals, called Exo-occipitals and a Supra—cocipital 
bone. There is a large hole below the Supra-occipital 
called the Foramen Magnum through which the Brain 
communicates with the spinal cord. 

On the ventral side the Basi-occipilal has in front 
the long Parasphenoid bone. The Vomer lies in front 
of the Parasphenoid. At the side of the Parasphenoid 
is the lateral Alsesphcnoid one on each side. 

On the lateral aspect the Pterotic bone has the 
Hyomaudibular bone on each side. The Hyomandibular 
has a triangular operculum which covers the Gill*chamber. 
There is another bone called Symplectic. The Pre¬ 
operculum lies below the Hyomandibular. The Sub¬ 
operculum lies below the Operculum and another bone 

called Inter-operculum lies in front of the Sub-operculum. 

% 

■« The lower jaw or Mandible consists of a Dentary in 
front, Angular below and Articular behind the Dentary. 
They are all fused bones. 

Hyoid Apparatus : 

. The bone which articulates with the Hyomandibular 
above is the Epihyal, below are the Ceratohyal and the 
Hypohyal fused together. They give off curved bones 
called the Branchiostegals. There is another bone 
called Baaihyal further in front and Glossohyal which 
supports the tongue. The Urohyal lies backwards.'to' 
Basihyals. • . *’ 
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^ There are four Gill arches. The arches are fused 
with some median bones behind the Glossohyal. The 
arches bear the Gill filaments from their lower border. 

There are two girdles which form the appendicular 
skeleton e.g.. Pectoral Girdle and the Pelvic Girdle. 
The Pedloral Girdle is well developed but the Pelvic is 
not so. The Pectoral Girdle consists on each side of a 
Supra-clavicle, and L-shaped clavicle and the rodshaped 
Postclavicle. The Scapula lies below the clavicle. The 
coracoid lies below the clavicle with a large foramen. The 
fins are supported by small bones called Pterygiophorcs 
and some'fin-rays. 

The Axial Skeleton 

The Axial skeleton of Bhetki consists of the Vertebral 
column. There are two kinds of Vertebrae e.g., Prccaudal 
and Caudal. Each vertebra of the Precaudal region 
consists of a biconcave solid centrum called Amphiccel- 
ous Centrum from which two arches join and is called the 

Cwidttl. Precaudal. 

r 

t 

L I—Centrum, 

^ 2—N. arch. 

^ S—N. canal, 

I , 4-Rib, 

I ^ s—Spine. 

Neural .^ch and bears a spine on the dorsal side called 
Nerual Spine and the sides of the arch bear two transverse 
prbeesses. Ribs come out from the two sides of the 
'Centrunt. The Caudal Vertebr® differ from the pre- 


1— Centnim, 

2— Kedral can a], 
S—Neural spine. 
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caudal in that the transverse processes join up to fori^ a 
second arch called Haemal Arch in addition to the neural 
arch. The last bone of the axial skeleton turns upwards 
and is known as the Urostyle. There are articular 
processes in each vertebra called Prcisygapophysis in front 
and Postzygapophysis behind which keep the vertebral 
column in position. 

The Toad : 

The scientific name of Toad is Bufo melanostictiis. 
The animal belongs to the class Amphibia. The word 



upper ltd 

movable lower 
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dorsal tubercles 




Toad. 


Amphibia means double life because the animals have to 
pass the early stages of their lives in water as Tadpoles 
which are peculiar fish-like larvie breathing by gills Jind 
afterwards become converted into land animals as adult 
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Toads breathing by lungs. The other familiar member 
of this class is the frog. The toads are very common in 
Bengal and the peculiar croaking sound produced by the 
males is known to all. 


DiflFerence between Toads and Frogs : 


Toad. 

1. The skin is dsric. 

e. Short body. 

S. Webs lA the digits of the 
hmd limb are short. 

4. Skin is very glandular and 
warty. 

0. Omostemiun is absent. 

» 0. Epicoracoids twisted. 

7. neniifuUy distributed in 
Bengal. 


Frog. 

1. The skin is bright yellow 
with stripes. 

2. Long body. 

8. The webs are iongcr in the 
digits of the hind liinbs 
than in toad. 

4. Skin is not warty. 

5. Omosteroum is present. 

6. Epkroracoids are overiapp- 
ing. 

7. Barely found in Bengal. 


External Features : 

The anihial has a peculiar and characteristic squatting 
posture.. There is a head* a trunk but no neck nor a 
tail in the adult. The skin is rough and warty., with. 
multiple poison glands in the shape of pimples; these 
glands are more numerous on the dorsal surface than on 
the venti^l. The colour of the Skin is paler on the 
ventral aspect. The head is triangular in form—the apex 
repcesenting the snout. At the sides of the head, there 
ftre two prominent eyes. Each eye has a movable upper 
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eyelid, an immovable lower eyelid and a transparent 
movable nictitating membrane. Behind each eye, there 
i.s a circular spot called tympanum which represents the 
external car. Behind each tympanum, there is a large 
aggi'egatcd gland called the parotid gland. 

The trunk is provided with two pairs of limbs, 
^ch, forelimb has three segments^—an arm or 
brachium, the middle segment or the forearm or 
antcbrachium and the distal third segment or the hand 
or manus. In the hand may be distinguished a wrist 
or carpus, a palm or metacarpus and fingers or digits 
of which there are only four, the thumb or pollex being 
absent. In the males, there is a pad of skin called 
thumbpad on the inner side of the first digit similarly 
each hindlimb has three segments. The Rnst or proximal 
segment is known as the thigh or femur, the second or 
middle segment as the Shank or Crus and the third 
segment as the foot or Pes. The foot has an ankle or 
tarsus followed by the metatarsus and then comes the 
webbed toes or digits which are five in number. The 
lower surface of the foot is called the plantar surface 
and the similar surface of the hand is called the palmar 
surface. The webbed hindlimb is rarely used for 
Swimming. 

■ Skin : 

The skin of toad is a thin protective covering. It 
contains the glands of several kinds and some pigment 
cells. The toad sheds off the skin from time to time. 
This process is known as eedysis. The change of colour 
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noticed in frogs and toads is due to the contraction 
and expansioh of the pigment cells of the skin. The 
skin is devoid of any sweat-gland consequently it has 
very little excretory function. On the other hand, the 
skin is richly supplied with blood and has a part in 
respiration. 


Apertures: 

There is a large horizontal slit at the end of the 
snout called the mouth. At the posterior end of the 
trunk, there is a small aperture called the cloacal 
aperture. There are a pair of minute apertures called 
the external nares situated one on either side of the 
snout just above the slit of the mouth 


Body-wall and Body-cavity 


Just below the skin, a scries of large spaces arc found 
called subcutaneous lymph-sacs. The flesh below the sac$ 
is bound to the skin by connective tissue. Owing to the 
presence of sacs the skin is much looser than most other 
animals. Tlje flesh is composed of muscles. Therefore a 
body-wall is found composed of skin and muscles. There 
is a lining membrane of the body-wall known generally 
as Peritoneum. This wall encloses a large cavity of the. 
body found in the trunk called the Body-cavity or 
Coelome* in which lie most of the principal viscera. The 
term viscera denotes the soft internal organs of the body 
viz., the Stomach, Lungs, Heart, Intestine, Liver etc., and 
thCn generative and execretory organs. 
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The animal has a backbone on the dorsal part calleif 
the Vertebral column, composed of a number# of 
vertebra;. The vertebral column has a continuous cavity 
in which the spinal cord is placed. The spinal cord is 
continued into the skull and ends in the Brain lodged 
inside the cranium. 

There arc two bony girdles e.g., the Shoulder 
girdle and the Pelvic girdle. The girdles together with 
the vertebrae completely encircle the body. The shoulder 
girdle gives attachment to the hind limb. The muscles 
of the limbs are supported by bony structures. The 
Ccelome is lined by a membrane called Peritoneum 
which also covers the organs lying in the cavity as viscera 
so that the organs lie within the folds of the Peritoneum 
an<l the organs are attached to the body-wall by such 
membranous folds. The largest fold is known as the 
Mesentery which binds the inte.stine to the Coelomic 
wall. There arc two dorsal lymph-sacs between the 
peritoneum and the dorsal muscles. Each of the two 
kidneys lies in the dorsal lymph-sar of each side. 


Muscular System : 

The muscles carry out the movements of the body 
with the help of the nerves which give them the •requisite 
sensitiveness and action. The muscles of the limb and 
other parts are of the Voluntary typn* i.e., they are under 
the control of the will whereas the muscles found in the 
Stomach, Heart, Intestine etc. arc involuntary . i.e. they 

•are not under the control of the will. All the muscles 

• 

arc covered by a structure called Fasga which is mafnly 
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composed of connective tissue. The details of the muscles 
are. not meant for Intermediate students. (The principal 



Muscles. 

I^Mykhhyoid, i^Deltoid, S—lAtissimusdorsi, ^^Infraspinatus^ 
S —Pectortlu, 0—Be^UMbdonziDU, 7—Obliqusexter&us, 
^VAstusinttmus, 10—Gaidroaiemius. 
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muscles of the body of the toad are distributed 
follows :— 

(1) Muscles of the Trunk. Ventral side. 

Abdominal Muscles : 

(a) Hectus abdominis-runs along the b%lly. 

(&) Obliques Extcmus—a broad sheet at each 
side of the body. 

(c) Obliques Intemus and Traiisversus lie 
within the External oblique. 

Breast Muscles : 

(a) Pectoralis—large and fan-shaped. 

(b) Coraco-radialis—arising from the coracoid. 

Muscles of the Back : 

(а) Muscles of the Lower jaw. 

(I) Depressor Mandibular arising from the 
^ supra-scapula. 

(б) Muscles inserted on to the forelimb! 

(1) Latissimus Dors!—triangular. It draws 
back the arm. It is inserted into the 
Deltoid ridge. 

(2) Infraspinatus—raises the arm. 

(c) Muscles inserted into the shoulder girdle. 

(1) Levator scapular— 

(2) Serratus— 

4 

* (d) Muscles inserted into the hind limb. 

(1) Gluteus—arising fiodi Dium. 

22 . . - 
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(e) Muscles inserted into the Hipgirdie. 

(1) Coccygeo—iliacus. 

Muscles of the Back bone 

(o) Muscles of the forelimb. 

(1) Muscles for the upper arm. Del- 
toideus inserted to the Ilumeius. 

(S) Muscles |or the forearm Triceps 
Brachii arising from the scapula and 
Humerus, and inserted into the upper 
end of Ulna. 

Muscles of the Hind limb: 


(a) Muscles of the thigh. 

(1) Adductor Magnus. 

(2) Sartorius. 

(S) Gracilis. 

(4) Triceps Kxtensor Cruris. 

(b) Muscles of the Shank. 

(1) Peronrus. 

(2) Gastrocnemius. 


^0 • (S) Tibialis Anterior. 

(c) Muscles of the wrist, ankle an<l toes are 


numerous small muscles. 


''Alimentary System : 

There is a large mouth with upper and lower jaws. 
The jaws are toothless but the upper part of the jaws 
become hard and homy and do not allow the prey to 
slip away as the; toad lives on small insects. 
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The mouth leads into the Buccal cavity where the 
tongue is attached in front but free behind. The tongue 
is rolled out to catch insects and a sticky secretion helps’ 
to hold them. 

4 

The floor of the mouth specially on the right side 
shows an aperture. This is the opening of the Vocal-sac 
found in the male animals only. When the chin is 


fnUTnot 
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RuccftI ^•av’ity 


depressed the vocal-sac is filled with air and ^vhen it is 
•raised air escapes and produces the peculiar croakipg < 
. sound which is heard more frequently* in tW ^reedihg , 
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season and during the rains by which sound the male 
•trumpets the female. 

On the roof of the Buccal cavity in the front part 
there are two apertures of the posterior nares or Inter- 



^ of toad 

nai Nostrils. At, the angle of the jaws on the sides 
the roo^ there are two other apertures of the Eustachian 
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tubes ieadlog to the two Dmms or Tympanic Cavity of 
the two sides. The posterkfnbart of the Buccal cavity«is 
known as the Pharynx. In th% middle of the floor of the 


gall, bladder, 


liver 


oesophagus, 



pancreas 


stomach. 


rectum 


Gat of toad with glands 


Pharynx is a slit-like opening which leads into Wind- 
pipe. From the Pharnyx a tube which is called* Gullet 
or Oesophagus leads backwards to the stomach whiqh 
•is spindle like in form. The stomach hae two* end^. The 
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end which is anterior and is connected with the Oesophagus 
is known as the Cardiac end. This end is wider than 
the other end. The other end of stomach is called the 
Pyloric end and is connected with intestine. 

The intestine is divided into two main divisions viz., 
the sm&ll intestine and the large Intestine. The small 
intestine has further two parts e.g. a short straight tuHe 
called the Duodenum and a much coiled tube called the 
Ileum. The Ileum leads into the dilated and short 
Large Intestine or Rectum. The Rectum opens into a 
chamber called Cloaca by an aperture called the Anus. 
The Cloaca in its turn opcn^^temally by the Cloacal 
aperture. The intestine isl^tybound to the wall of 
the abdomen by a fold of Peritoneum called the 
Mesentery. 


Digestive Glands: 

¥ 

Besides the digestive fluids secreted by the glandular 
cells of the Stomach and Intestine there arc glands the 
secretion from which completes the digestion. The 
glands are the Liver and the Pancreas. The Liver is a 
large reddish brown structure in the front part of the 
stomach. ' It has two main lobes viz., right and left and a 
small median lobe unites them. The Gallbladder lies 
between the right and left lobes. The Gallbladder, 
receives the green bile secreted by the Liver and passes 
it by the Bile Duct into the Duodeum. 

The' Pancreas is a creamy white structure lying 
6 between the stomach and the Duodenum. It is traversed 

i 

by' the. Bile Duct into which it pours forth its own > 
Steretion called the Pancreatic juice. 
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The ducts of the Liver are called Hepatic Ducts. 
The duct from the Gall Bladder is called the Cystic 
Puct and that from the Pancreas is called the 
Pancreatic Duct. Both the Cystic Duct and the 
Pancreatic Duct open into the Duodenum by a common 
Bile Duct. 

Endocrine Organs or Ductless Glands : 

There are certain glands in the body of the toad 
which do not discharge their secretions directly by 
definite tubes or Ducts but they pour their secretions 
direct into the blood whereby they can control certain 
chemical and physiological actions of the body. These 
are known as Endocrine organs or Ductless glands. They 
are: — (1) Thyroid, 

(8) Supra-renals or Adrenals, 

(3) Thymus. 

(4) Pituitary. 

(5) Spleen. 

* The Thyroid glands are a pair of round bodies lying 
on the external Jugular veins. The change from \adpole 
to the adult toad is brought about by it. The Adrenal 
bodies lie on the ventral surface of the kidneys. 

The Thymus is a small body lying behind the angle 
of the jaw. Its functions are imknown. 

The Pituitary body lies in the skull below the Brain. 
Its secretion stimulates the growth of the animal and 
the growth of bones. Certain chemical agents are 
‘secreted by these endocrine glands called fioi^mones 
which stimulate or inhibit the function of. other .organs 
of‘the body. 



The spleen lies in the Mesentery of the Abdomen. 
Its cells remove and destroy effete red blood corpuscles 
and pathogenic organisms. Its removal is not fatal. 

Fat bodies: 

The fat bodies are found anteriorly to the Reproduc¬ 
tive Organs of the toad They increase in summer and 
are used in winter mostly as nourishment. 

The Heart and Circulatory System • 

(The description of the Heart and the Circulatory 
System has been done according to Mr. J. L. Bhaduri’s 
excellent paper published in the Journal of the Asiatic 
Society of Bengal). 

The Heart of Toad is a hollow organ covered by a 
membranous sac called the Pericardium. The Heart 
has a triangular portion at the back called the Sinus 
Venosus into which the principal veins of the body open. 
There are two auricles right and left and a single 
Ventricle which gives rise to the main Blood vessels. 
The Apex of the Heart is directed backwards into the 
body cavity. The different chambers of the Heart are 
guarded by valves so that blood can flow in one direction 
only. The Heart, therefore, has the following structures : 

(1) The Sinus Venosus. 

(2) Right Auricle. 

(3) Left Auricle. 

(4) Single Ventricle and 

(5) Conus Arteriosus. 

The Sinus Venosus is a triangular chamber into 
^hi^ the principal veins of the body open viz., Two 
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anterior veins and a single posterior vein. The Sinus* 
Venosus opens into the right auricle by an aperture caljed 
sino-auricular aperture g uarded by two flap-Hke valves*. 

le blood IS allowed fb pass from the Sinus Venosus 
to the Right Auricle but not in the opposite direction 
owing to the presence of valves. The Right Auricle is 
a thin-walled sac separated by a partition from the Left 



Sectioii of Heart. 

1—BOride, 2—Truncus arteriosus 
sinister, S—auricle, 4—Ventricle. 

* 

.Auricle called the Septum Auricularum. The\Right 
Auricle receives the blood from the &nus Venoius abd* 
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communicates with the Ventricle by the Auriculo-ventri - 
aneiturc which is guarded by Valves. The Left 
Auricle is situated on the loft side being smaller in si^e 
than the Right Auricle. It receives pure pxygenated 
blood coming from the two Lungs by the two Pulmonary 
veins wjiich open together by a common aperture. The 
Left Auricle communicates with the Ventricle by the 
common Auriculoventricular aperture guarded by valves. 
The valves are attached to the wall of the ventricle by 
fibrous cords called Chordg tending . The valves allow 
the blood to pass from the Left Auricle to the Ventricle 
end not in the opposite direction. There are four valves 
guarding the auriculoventricular aperture between the two 
auricles and the ventricle. There is one anterior, one 
posterior and two lateral valves. 

The Ventricle is a thickwalled conical organ having 
strong muscular walls. It is a single chamber where the 
two auricles open and the openings are guarded by 
Auriclo-ventricular valves. A la rge blood ves sel rises fro m 
the right side of the Ventricle and is known as the 
Conus A rteriosus. The opening of it is guarded by three 
semilunar valves which allow the blood to move from the 
Ventricle to the Conus and not otherwise. 

The Conus Arteriosus arises from the right side of 
the Ventricle Its basal portion is called Conus proper 
which is continued into a short common portion -ealled 
Trancus Arteriosus impar. This divides into two 
trunks called Truncus arteriosus dexter on the right 
side and Truncu^ Arteriosus Sinister on the left side. 
The trunks have three vessels in each which run 
ol^nce enclosed by a common sheath. Each trunk 
divide internally by two partitions to form the Canalis 
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Caroticus, the Canalia Aorticus and the Canalis 
Pulmocutaneous. The three vessels run in a common 
sdieath for a short distance and then the three arterial 
arches arc separated on each side foming the Carotid 
arch, th<9 Systemic arch and the Pulmocutaneous 
arch 

Syatem : 


The Conus Arteriosus is continued into Truncus 
Arteriosus Impar which bifurcates into Truncus Arte¬ 
riosus Dexter (Right) and Trunctus Arteriosus Sinister 
(Left). Each trunk carries the threo canalicular vessels 
in a common sheath which form the three arches called 
Carotid Arch, the Systemic arch and the Pulmocutaneous 
arch. 


Carotid Arch : 


The Carotid arch is the anterior one and supplies 
the head and brain. The Carotid arch shortly after its 
origin forms a swelling called the Carotid Labyrinth or 
‘ Carotid Gland.* The arch gives off a branch near the < 
Carotid gland called the External Carotid Artery which 
gives a branch to the thyroid, the hyoid apparatus and 
its main tnyik supplies the tongue. The other main 
branch is known as the Internal Carotid Artery. It runs 
superficially for a distance and then takes a sharp turn 
to enter into the skull where it supplies the Brain. 

Systemic Arches i 

The^^stemici arch -or Aortic arch is the median 
MTcIi ofi^och side. iSach arises from the Canaalis Aorticus ‘ 
aad''wiii& obitiquel3| round the oesopha^s and then turns 



AHTERIAL SYSTEM 


341 


inwards and backwards to join its fellow from the oppo¬ 
site side at about the level of the sixth vertebra, 'the 
right systemic arch is continued as the Dorsal Aorta in 
the middle line just ventral to the vertebral column and 
between the Kidneys to about the middle of the urostyle 
where it bifurcates into two Iliac arteries. 7'^^ 
Systemic arch after its union with the right arch continues 
as the Cceliaco-mesenteric artery. The right systemic 
arch gives out three branches while the left systemic 
arch gives out four branches. The right arch having no 
oesophageal branch. The branches of the Systemic arches 


a.re: 




(1) Laryngeal artery arising'^rom ^Ihe inner 
border of the systemic arch supplies the 
Larynx and its muscles. 


(2) Occipilo-vertebral artery arises near the sub¬ 
clavian artery and runs forwards to divide 
dorsaliy into the occipital and the vertebral 
arteries. 


(3) Subclavian artery the largest branch arising 
from the Systemic arch. It supplies the 
Pectoral girdle and the forelimb. 

(4) Oesophageal artery is present only in the left 
systemic arch. Tt supplies the oesophagus. 

The Coeliaeo-mesenteric artery arises by a single 
trunk from the point of union of the two systemic arches, 
and supplies the alimentary canall and its various 
appendages. It divides into twa maiif^^raaches 
• (1) Coeliac artery and (2) a Mesenteric art^. 

The Coeliac artery is small. It si^plietf the^^ini^, 
Liver, Gall-bladder and the Pancreas. 
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The Mesenteric artery is a large branch which 

supplies the spleen, the whole intestine and the rectum* 

• . 

Dorsal Aorta: 

The Dorsal, Aorta is continued through the whole of 
the abdomen. The urino-genital arteries aries as paired 
arteries from the Dorsal Aorta. About four paired arteries 
. called the renal arteries supply the kidneys, the fat bodies 
and two genitals supply the reproductive organs. 

Lumbar arteries are absent in the toad. 

Posterior Messenteric artery is also absent in the toad. 

' Iliac Arteries are the ultimate bifurcations of the 
Dorsal Aorta near the urostylc. The Iliac artery is 

a 

continued to the thigh as the Sciatic artery. Befort* 
reaching the thigh the Iliac artery gives off two important 
branches viz., the Epigastricovescicalis artery which 
supplies the bladder and its adjoining muscles, and the 
Femoral artery which supplies the muscles of the thigh 
The rest of the hind limb is supplied by the Sciatic artery. 

Pulrao-Cutaneous Arch : • 

The hindmost of the three arches is the Pulmo* 
.cutaneous arch. It passes to the Lung as Pulmonary 
artery on each side where it ramifies by a number of 
branches. Before entering the Lung a fine branch is 
given off to the skin as Cutaneous artery. On entering 
the dtin it branches and forms several anastomoses. 

f 

Venous System 

twa kinds of veins in the toad, viz., the 
ondfUie Portal veins. The systemic veins’ 
directly to the Heart whereas the Portal 
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Systemic Veins : 

Blood which is distinctly visible through the veins 
which are comparatively thin-walled than the arteries and 
due to the presence of pigments in the venous blood 
comes from the front part of the Toad's body by two 
principal veins called the Anterior Venae Cavae or 
Superior Venae Cavae. Each Anterior Vena Cava 
opens into the Sinus Venosus. It is formed by the union 
of three veins viz., 

(1) External Jugular vein which is formed by 

(a) The lingual vein from the floor of the mouth 
and tongue. 

(b) The Facio-Mandibular vein from the margin 
of the lower jaw. 

(S) The Innominate Vein which is formed by 

(a) Internal Jugular vein returning blood from 
the interior of the skull. 

(b) Subscapular vein from the back of the arm 
and shoulder. 


(3) The Subclavian vein, the largest of the three, 
which is formed by 

(a) Brachial vein from the forelimb. 

(b) The Mnsculo-cutaneous vein returning blood 
from the skin and muscles of the side And 
back of) the body. 

The Bight and the Left Anterior Vena Cava are 
■similar^ <b' their colurse and distribution. 

'.l^Postefio^ Vena Cava is a single median vdn 
' blood fr^ the lower part of the ^ body. ^ It 
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begins between the Kidneys and runs forwards and 
receives blood from the Liver and opens into the SinUs. 
Venosus. The veins which the Posterior Vena Cava 
receives are :— 

(1) Four pairs of Renal veins from the two 
Kidneys. • 

(S) Genital veins, called ovarian in the female and 
Spermatic in the male, also open with the 
Renal veins into the Posterior Vena Cava. 

(S) Right and Left Hepatic veins open into the 
Posterior Vena Cava just before it joins the 
Sinus Venosus. 

The Pulmonary Vein is formed by the union of two 
Pulmonary veins bringing blood from the two Lungs 
after oxygenation. This vein opens into the Left Auricle. 

Portal System: 

• There are two portal systems in Toad viz., 

# 

(1) Renal portal system and 

(2) Hepatic portal system. 

There is a stout vein bringing blood from each leg 
called femoral vein. The Femoral divides on leaving 
the thigh into two veins of which one g«^$ to the ventr^ 
part and is called Pelvic vein which joius with its fellow 
of the other side. The other vein is palled the Renal 
pprtal vein which parses to the dorsal pifrt of the 'K-idney 
And breaks up into capillaries in its 'sui^stance and' th^ 
‘by Benal veins the blood passes into the Porterior Yena 

23 
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Cava. The Left and the right Renal portal veins are 
similar. Each Renal portal vein receives :— 

(а) The sciatic vein from the muscles and skin of 
the thigh 

(б) The Dorso-lumbar veins receive blood from 
the dorsal wall of the body. They join the 
Renal portal vein opposite the Kidney. 

The Hepatic Portal System : 

This system is formed partly by the Anterior 
Abdominal vein and partly by the veins of the Alimen¬ 
tary canal. The Anterior Abdominal vein is formed by 
the union of the two pelvic veins which runs just along 
the middle line of the body wall ventrally. Near the 
Liver it divides into two veins passing into the two lobes 
of the Liver. It receives the following veins in its 
course:— 

(a) The Vesical veins from the bladder. 

(b) The Parietal veins from the ventral body-wall. 

The Hepatic portal vein receives the following veins 
from the Alimentary canal: — 

(a) The Gastric veins from Stomach. 

(b) The Intestinal veins from the intestines both 
small and large. 

(c) The Splenic vein from the Spleen. 

Blood: , 

The blood o^ Toad consists of a colourless fluid called 
the Idgubr Sangt^is or Plasma in which float the blood 
corptisclea. The jeorpusdes are of two kinds viz : — 

*• \(1) Whit^ Blood corpnacles or Leucocyte 

which* are nucleated and amceboid. 


4 
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(2) Red Blood corpuscles which are oval and also 
nucleated but not amoeboid. * . 

Circulation: 

The impure or venous blood is brought to the Sinus 
Vcnosus by three Vcnie Cav®. Blood is prevented from 


White and red bloo<l cor|»U9cIea 

going back on account of the presence of valves at the 
junction of the principal veins. The Sinus Venosus 
opens into the Right auricle. Pure blood comes to the 
Left auricle from the Lungs by the Pulmonary veins. 
When the two auricles contract one after another, blood 
passes into the ventricle. The venous blood hrst comes 
to the ventricle. When the ventricle contracts the venous' 
^lood passes* into the Pulmocutaneous arch and then into 
the Lungs for purification because there is the least 
resi.stance in these arches. With the second contraction 
of the Ventricle blood passes into the systemic arches and 
is distributed to the different parts of the body. But this 
blood is to some extent mixed blood. The thjfd con¬ 
traction gives the most vigorous jerk and forces the 
blood to enter into the Carotid arches tfhere the greatest 
resistance is offered by the Carotid glapd. The Carotid 
arch receives the pure blood. The Carotid and,Systemic 
arches distribute the blood to the different parts of the 
"body where ultimately the arteries i!|>reak • down into' 
* capillaries. The impure blood from the tissues * of thp 





348 cractn^TiON op blood 

body is brought to the Heart by the Veins. This cycle 
is’’ever repeated as long as the animal lives. 

There is another form of circulation through the skin. 
Blood comes to the skin by the Cutaneous artery where 
it is oxygenated spk;ially while the animal is hibernating. 
The pHre blood passes by the Musculo-cutancous vein 
into the Anterior Vena Cava and thence returns to the 
Heart. Blood from the lower part of the body comes 
either by the Renal Portal System or through the Hepatic 
Portal System. This blood ultimately comes to the 
Posterior Vena Cava, and then to the Heart. 

Lymphatic System: 

This consists of a system of minute vessels and 
irregular spaces in the body containing a colourless fluid 
called the Lymph. The Lymph has a number of colour¬ 
less corpuscles called LymphccUs or Lymphocytes. The 
Lymph spaces occur in the ventral body-wall below the 
akin. There are two ^airs of Lymph Hearts, one pair 
below the supra-scapula and the other pair near the 
Urostyle. 

Respiratory System : 

There is an aperture at the floor of the Pharynx 
which is known as the Glottis. This Glottis leads into 
a chamber which is known as Laryngo-tracheal chamber 
which corresponds to the Larynx and Trachea of the 
Mammals. The ^alls of the chamber are made of carti¬ 
lages. The chan^ber opens into the two Lungs. The 
Lungs composed of Elastic fibres, connective tissue 
and unstriped muscles. * They are lined with pavement 
' epiithelium on thfr inner side, while the outer surface is 
covered with the pleural membrane. 
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Air on entering through the nostrils finds its way into 
the Buccal cavity when the floor of the mouth is raised 
by the Hyoid muscles and the gullet remains closed in a' 
contracted condition. The mouth is closed except during 
swallowing whereby air enters by one way only due to 
the pressure of the muscles. The air then passes into the 
Lungs. This is called Inspiration which is helped* by the 
suction action exerted by the inflation of the Lungs. 
This incoming air contains oxygen which supplies the 
blood contained in the capillaries of the Lungs. The 
other process which is called expiration is due to the 
elastic recoil and contraction of the Lungs, whereby the 
air is driven out. This expelled air contains CXla derived 

l**<-GloitUr 

£—Lary n gotracheal 
chambv, 

8—LuDgs. 



from the venous blood. Thus by inspiration the* blood 
in the lungs is oxygenated and by expiration. CO 2 is got 
rid of. 

Voice: , 

The Glottis and the Laryngo-tracheal chamber are 
supported by cartilages. The largest piair of cartilage is 
the Arytenoid which bound the Glottis right and left. 
Xhe mucous membrane of the Arytenoids is raised into 
'the vocal cords the vibration of which produces t^e> 
peculiar croaking sound of the Toad. . * , 
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The Excretory System : 

* There is a pair of flattened dark red kidneys one 
on each side in the dorsal lymph sac above the Ccelome 
and just below the back bone or Vertebral column. 
Waste products of the body in the form of COa and 
water vapour pass out of the system through the Lungs 
but the other waste products in the form of urea, uric 
acid and other solid crystalloids circulating in the blood 
are got rid of through the kidneys dissolved in water as 
urine. The kidneys therefore act as filters of waste 
materials of the blood. Each kidney consists of a 
number of tubules. Each tubule begins as a blind sac 
called the Glomerulus and after making several coils 
joins with the other tubules and finally emerges out of the 
kidney as ureter. The ureter carries the urine to the 
Cloaca from which it might be voided immediately or it 
may be collected in a sac called the Urinary Bladder. 
Glomeruli receive blood from the Renal artery and the 
tubules from the Renal Portal vein. 

Reproductive System : 

The animals have separate sexes i.e. they are either 
male or female. 


1— Teatis. 

2— Fatbody, 
9—^Kidney, 

5—Clo4ca. 
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Male: 

The organ in which the male dements are formed'is, 
known as Testis. There are two testes on the ventral 
side of the kidneys. They are ovoid bodies and yellow 
in colour. Each testis has a fat body in the anterior part. 
The testes are composed of seminiferous tubules which 
produce the male cells or spermatozoa. Each sperm has 
a nuclear head and a long tail. The sperms pass out of 
of the testes by a number of ducts into the tubules of 
the kidney. The ducts are called Vasa Efferentia. From 
the kidney the sperms are taken away by the ureter to 
the Cloaca. Here the Ureter also acts as the Vas Deferens 
and is known as the Woolffian Duct. The two ducts join 
before finally opening into the cloaca. 

Female : 

The female generative organs consist of the two 
ovaries. The ovaries become very large during the 
breeding season on account of the development of 
numerous eggs therein. When the ovary is mature and 
the eggs arc ripe there is a bursting of the ^wall of the 
ovary and the eggs called ova are discharged into the 
abdominal cavity. Each ovum makes its way into the 
Oviduct which is a much coiled tube and passes thence 
into the water where they are fertilized by the male 
elements called Spermatozoa. * 

Metamorphosis of Toad : 

The female Toad lays the eggs in a mas^ called the 
^pawn. Each egg has a jelly-like covering by which the 
‘eggs are attached to one another to form a mass. Each, 
egg is round and contains a large nucleus. Tjie ntale^ 



MeUmarpboM of Tood 
Rood 8 pain of gUli in Hgfu 4 and 5. 
l^^Aqoatic te-^Tadpole. 






MEITAMORPHOSIS 


S5S 


male cell combines with a single female cell and result 
in the development of a tadpole. The fertilised 
separates out of the spawn and undergoes development: 
Mortality is great among these fertilised eggs because the 
toads do not nurse their young ones in any way. So 
that the majority of them are either eaten up or destroyed 
by other aquatic animals. * 

The Embryo at first has a large head, a long tail 
but no limbs. The Larva is at first very sluggish and 
does not take any food but attaches itself to some water 
weed by means of a sucker on the under surface of its 
head. Later on the Tadpole becomes active and swims 
about in water. On both sides of the head appear three 
branched gills for respiration. At first there is no con¬ 
nection between the mouth and the alimentary tube but 
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there is a cloaca. The mouth later on becomes connected 
with the food canal and the intestine is seen like«a watch- 
spring and is a much coiled tube. The long size of the 
intestine is due to the vegetable diet which necessitates 
a comparatively large size of the gut. The gills at a 
subsequent period degenerate and are replaced by internal 
gills arising from the Branchial arches. They are covere4 
by a fold of skin called Operculum. 
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Tbe Tadpole at this stage seems to have a fish-like 
life The Operculum later on closes and there is left 
only a single aperture on the left side through which the 
current of water passes out. Subsequently Lungs appear 
and the gills are lost. The Tadpole periodically rises to 
the surface of water for oxygen. The limbs at this time 
begin to appear, one pair as slight projection at the root 
of the tail and another pair just below the head. The 
tail gradually atrophies but the most peculiar phenomenon 
noticed is that the tail supplies nourishment to the 
Embryo at this stage until ultimately the tail is lost and 
the legs are. fully developed. The adult tond gives up 
its vegetable diet and bops about on land in search of 
insects which forms the main animal food of the full 
grown animal. 

Brain : 

The Brain of Toad is divided developmentally into 

s 

three regions as the fore-brain, mid-brain and hind-brain, 
'l^e fore-brain gives rise to two cerebral hemispheres and 
the thalamencephalon. The thalamencephalon lies just 
in front of the mid-brain. The thalamencephalon bears 
on the ventral side a body called the hypophysis or 
Pituitary Body. This Pituitary body is composed of 
non-ner^'ous matter. On the dorsal side the thalamen- 
cei^alon' bears a body called the Pineal body. In the 
Tadpole stage this, is stalked and represents the remnant 
of the' third eye.' Ventrally the thalamencephalon shows 
a hollow stisicture called the Infundibulum. The cerebral 
hemitpheses bear the t^o olfactory lobes in front. The. 
mid-brain lies-in ^nt of the cerebeUum and medulla 
^bloi^ata. It consists trf the two optic lobes. The hind*^ 
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brain is continued in the vertebral column as the Spinal' 
Cord. 



Bnin of Toad 


The Cerebellum is the narrow mWlian portipn just 
above the medulla oblongata. 

On the ventral aspect of the brain the ‘two optic 
. nerves croM each other and. tbe strycture is known as 
the optic chiasma. 
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The different portions of the brain have cavities which 
are known as Ventricles. The cavity of the medulla 
oblongata is known as the Fourth Ventricle. There is a 
narrow passage between the optic lobes called the Aqui- 
ductus Cerebri which is continuous with the Fourth 
Ventricle. The cavity of the Thalamencephalon is known 

Ventrftl view of Brain 
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as the Third Ventricle. The cavity of the Cerebral 
hemispheres of each side is known as the Lateral Ventricle.' 
£ach lateral ventricle communicates with the Third Ven¬ 
tricle by the’ Foramen of Monro. 

Cranial Nerves: 

There are ten pairs of crania! nerves in the Toad. 

4 • 

The Olfactory nerve is the first cranial nerve of each 
side which rises from the Olfactory lobe of the Brain and 
supplies the olfactory organ in the nostril. 

The aecon'd or optic nerve starts from the side of 
mid-bram and crosses its fellow of the other side 
jusi* below the thalamencephalon to supply the eyeball 
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of the the opposite side. This crossing is known as optic 
chiasma and is seen on the ventral side only. The third 
or oculomotor nerve supplies the muscles of the eye. 
The fourth or Pathetic or Trochlear nerve arises 
between the optic lobes and the cerebellum. It supplies 
the superior oblique muscle of the eye. It is the only 
nerve which is found to rise from the drosal side of the 
Brain. 

The fifth is known as the Trigeminal nerve. It 
arises from the anterior side of the medulla. It has a 
swelling in its course called the Gasserian Ganglion. 

The fifth nerve divides into an Ophathalmic brauch 
which runs in the orbit and supplies the .skin of the head. 
The second branch is more prominent and goes to the 
hinder part of the orbit and divides into two branches 
called Maxillary branch to the upper jaw and Mandibular 
branch to the lower jaw. 

The sixth nerve is small and is called the Abducent 
•nerve. It arises from the ventral side of the medulla 
and supplies the external Rectus muscle of the eye. 

The seventh or facial nerve arises from the side of 
the medulla and joins the Gasserian Ganglion. It then 
passes forwards and divides into Palatine branch which 
supplies the palate of the mouth and Hyomlhndibular 
branch which supplies the muscles of the Hyoid. 

The Eighth or Auditory or Acoustic nerve rises 
also from the side of the medulla to supply the ear or 
• Auditory apparatus. 

« The ninth or Glossopharyngeal arises*a]so fronx thc 
aide of the medulla and proceeds tbwards thb moqth.' 
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It gives off a branch to the Hyomandibular nerve and 
others to the tongue and the mouth. 

The tenth nerve is called the Vagus nerve. It 
supplies the important oigans of the body. It has a 
ganglkm at the base and is called the Vagus Ganglion. 
It tihen proceeds downwards and supplies the Larynx, 
Heart, Lung and Stomach. 

The Sympathetic System : 

The sympathetic system of nerves consists of two 
cords of nervous tissue lying by the side of the vertebral 
column. The spinal cord inside the vertebral column 
gives out numerous nerves called spinal nerves. The 
sympathetic cord is united to the spinal nerve by a 
Ramus Communicans. At the junction of each ramus 
communicans there is a ganglion of the sympathetic 
cord. The sympathetic cord passes to the skull and is 
connected with the tenth nerve and ends in the Gasserian 
Ganglion. The ganglia of the sympathetic cord give out 
small nerves to the visce'«i and blood vessels. 

> Sense Organs : 

/ 

There are five principal senses e,g., sight, hearing, 
smell, taste and touch. The senses are controlled by 
the Brain through the spinal cord and the nerves. The 
brain and spinal cord form the central nervous system 
while the sensory and motor nervfs form the peripheral 
system. 

Bye: 

% 

The eyeball of the toad consists of 
(1) The outer coat or sense capsule. It consists of 
dense connective tissue with some cartilage and 
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is known as the sclerotic. In front it is trans¬ 
parent and is known as the Cornea. ^ 

(2) The cornea is covered over by a delicate trans¬ 
parent tissue called conjunctiva which is kept 
moist by the secretion of the Harderian glands. 

(3) Inside the sclerotic or sense capsule is the 
choroid coat which consists of numerous highly 
vascular connective tissue with pigment cells. 
In front the choroid separates from the sclerotic 
as a partition screen and is known as the Iris 
across the hollow of the eyeball and divides it 
into anterior and posterior chambers. The 
former chamber, the anterior, is small and is 
filled with a liquid called the Aqueous Humour 
while the latter chamber, the posterior, is large 
and is filled wilh Vitreous Humour. There is 
a gap in the centre of the Iris which is called 
the Pupil. 

(4) The Lens, a transparent biconcave or spherical 
body lies behind the Iris. It focusses light 
that comes through the pupil on to the. Retina. 

(5) The sensitive surface or coat of t|}e eye is the 
Retina which receives the images of all objects 
that are seen. It consists ^of two primary 
layers of which the outer consists of pigmented 
cells and the inner layer is the Retina proper 
where the fibres of the optic nerve end after 
piercing it. 

Ears: 

The ear in toad has two parts viz,, the middle ear 
and the internal ear. There is no external ear like that 
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of the mammals. The middle ear has got an outer 
membrane called the Tympanic membrane by which 
sounds are carried to the Internal Ear. The Internal 
Ear on each side communicates with the mouth by the 
eustachian tubes which open by apertures at the angles 
of the jaws. The cavity of the middle ear has a bone 
■called the Columella Auris which is opposed to the 
tympanic membrane. The Columella is attached inter¬ 
nally to a nodule of cartilage called the stapedial plate. 
The essential part of the Internal Ear is the membranous 
Labyrinth which consists of two sacs called the Utriculus 
and the Sacculus. The utriculus gives origin to the three 
semicircular canals which arc arched tubes opening into 
the utriculus at both ends. The membranous Labyrinth 
contains a fluid called the Endolymph. The Labyrinth 
is placed inside the Auditory capsule which contains a 
fluid called Perilymph. The semicircular canals end in 
bulb-like swelling at one end which are -known as Ampulla. 
The Ampulla has a projection inside which has long 
sensoi^ hairs and are connected with the flbres of the 
Auditory Nerve. 

Olfactory Organs: 

The olfactory apparatus of the toad consists of the 
Nasal sacs whiclf open into the exterior by two apertures 
called the Nostrils, and internally by the posterior Nares 
inside the mouth.. The olfactory nerve runs into the sac 
of either side. 

Oi^an of Taste: 

' . The tongue is the organ of taste. The outer part, 
. (external surface) of the tongue is studded with special 
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cells called Taste-buds which give rise to particular sensa¬ 
tion. The internal lining of the mouth has to sotnfe 
extent been provided with similar sense organs of tast^. 
It is suijplied by the Glossopharyngeal nerve. 

Skeletal System or Skeleton : 

• 

The back of the skull has a large apertui'e called the 
Foramen Magnum which is bounded on either side by 
the exoccipilal bones. Below the foramen magnum are 
a pair of projection called the occipital condyles which 
articulate with the first vertebra. On the outer side 
of foramen magnum is a small aperture for the exit 
of the 9th and lOth cranial nerves. There i.s the Pro-otic 
bone at the side of the exoccipilal which fuses with it in 
the adult stage. The loof of the cranium is formed by 
the pair of Fronto-parietals which arc formed by the 
fusion of two frontals and two parietals. The two nasals 
occur in front of the frontoparietals. Between the nasals 
and the fronto-parietals occur the Sphenethmoid. On 
•the outer side of the pro-otic lies the hammer-shaped or 
T—shaped squamosal. The slender columella auris 
projects from the fenestra ovalis beyond th* exoccipital. 
On the ventral aspect in front of the two exoccipitals is 
the Farasphenoid. The two small Vomers lie in front 
of the parasphenoid. The Pterygoid lies as *a three- 
rayed bone on the outer side of the parasphenoid. The 
"{yro palatines are placed anteriorly to the parasphenoid 
and extend to the pterygoid. 

9 

The upper jaw is formed by the premaxilla, maxilla 
land Jugal. The quadrate is attached to the Jugal tfn(f 
Articulates with the lower jaw. ' 
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The lower jaw consists of two halves called Rami 
with a cartilaginous core called the Meckel’s Cartilage* 
On the outer face of it is the Dentary and the Angulo- 



1 Maxilla, S —^Fronio^parietat, S— Pre-maxilla, 4— Quadrate- 
Jugid, S —Vertebra (t), a—Scapula, 7—Homenu, 8—^Ri^ia-ulna, 
9—Cwpah, 10—Phalange, 11—B^tacarpal, It—Bium, 18— 
*Vrcat^c, 1 4—Femur, IS—^Tibio-fibula, 16—Aatra^us, 17— 
Calca6eum, 16—Tanal^ It—Metatangl, tO—katana ef <Bgit: 
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Splcnial on the inner face but in the adults they arc 
fused. • 

Hyoid : 

The hyoid apparatu.s of load consists of u shield¬ 
shaped cartilage called the Bo<Iy of the Hyoid. The 
anterior side is produced into slender mds called the 
Anterior Cornua and its posterior angles into partly 
ossified rods called the Posterior Cornua einbraciiig the 
glottis. 

The Vertebral Column : 

The Vertebral Cohiinn is formed of nine inovably 
united pieces called the Vcrtebnc and an unsegmented 
bony rod called the urostyle which represents a number 
of fused vertebra; of the tail region. Each vertebra 
looks tike a ring and has a solid structure at the base 
called the Centrum and there i.s a cavity or hole through 




which the spinal cord pa.sscs down to the taik The two 
walls on the two sides arc known as Neural aiW^hes and 
- a spine-Uke projection seen at the back ^ called the 
'Neural* spine. The cavity of the 'arches is known as the, 
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Neural canal. From the ' two sides of the vertebra 
projections are found which are called the Transverse 
Processes. The third vertebra has a large process which 
is pointed downwards. 

The solid centrum is concave in front and is convex 
behind. This type of vertebra is called Procoelous. 
The vertebra are joined or articulated with one another 
by facets or Zygapophyscs. On the anterior surface of 
each vertebra the facets are smooth and flat and are 
known as Prezygapophysis. On the posterior part the 
two facets slightly point downwards and arc known as 
Postzygapophyscs. The first vertebra has no transverse 
process. It articulates with the condyles of the skull. 
The Eighth Vertebra is peculiar in having the centrum 
concave on both the surfaces and is known as 
. Amphicoelous. 

The ninth vertebra has two large transverse processes. 
The urostyle is a bony rojl at the tail end of the vertebral 
column. 


^h« Pectoral or Shoulder Girdle : 

Th? nitrth vertebra has two large transverse processes, 
scapula at the back. The scapula has ano^er piece 
called Suprascapufa. lii the front ^the girdle has a bone 
ca^ed tfee Clavicle below which » the Coracoid. The 
coracoids at their‘meeting place in front are Itoown as 
Epicoraooids- Itt the Toad the £pi<»racoids are twisted. 

^ TheM is a bone <»Ued the sternum which has a 

cari^;p icidled xijphtaterciuiir: In the Toad there, is no. 

* iliere is a at the junction of the 

• scapula and the coracoid. This w known as the Glenoid 
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cavity and here the bone (Humerus) of the fore limb is 
attached. The humerus has a balMike end and the sorkcjt 
is provided by the glenoid cavity. This sort of joint is 
known a.s Ball and socket joint which allows the hand 
considerable freedom of movement. 


Pwtoral (cirdic Toad. 



1—Clavidt*, i —Cofiuwcl. S- 

(vienoid CAviLy< Scapula, 5- 
Suproacapula, 0—Kpicoracold. 7- 
Sterimm, H-^Xiphi-fttemum. 


IVclorrtl ^imllc. 



1^vkn.nam8 


JiHmei*us 




KrOdM-ull 


Forallmb of toad 
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Fore Limb: 

The first bone of the forelimb is a long bone called 
the Humerus which has one end in the glenoid cavity 
and the other end is connectc<I with the Radio*ulna, the 
two bones Radius and Ulna being fused together. The 



Humerus, has a large head and a prominent ridge. Next 
come the six pieces of carpal, bones arranged in two 
rows. There are four, long slender Metacarpal bones- 
•w^ which the four digits of the hand are attached. 
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Each digit has either two or three phalanges. The 
phalanges from the radial side are nuinbercd as i, 9, 3 &,3. 

^ 4 

^ The Pelvic Girdle : 

The pelvic girdle has on each side a long bone called 

the Ilium and Pubis in front and the Ischium below 

• 

and dorsally. The Pubis is united with its fellow of the 
other side and is cartilaginous at the junction. 

The three bones by their union form a cavity called 
the Acetabulum which is the socket for the Hind limb. 

Hind Limb : 

The hind limb consists of a long bone called the 
Femur whose round end called the Head articulates with 
the acetabulum. The other cud has two ridges with a 
furrow and meets the two other fused bones called 
Tibiofibula and a small bone called the Patella at the 
knee. The Tibio-fibula articulates with the Tarsus, 
^two of which form the ankle joint and are known agi 
Calcaneum (Fibularc) on the outer side and Astragalus 
(Tibiale) on the inner side. The other two bones of the 
Tarsus arc small. The Tarsal bongs arc •followed by 
the five Metatarsal bones. Each metatarsal bone has a 
digit consisting of a number of phalanges. The phalanges 
are numbered 9, 9, 8, 4 and 3 counted from the inner side, 
^n the inner side of the first or big toe caHed Hallux there 
is an extra toe or Calcar. 

Guineapig: 

I _ 

\ This animal is a type of the class Mammalia. The 
The word *' mammalia ” is derived from the Latin root^ 
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“•mammse” meaning-; ;.breast.. All animals belonging ' to 
thi;^. group namely'.caan. mopkey, ekphant, tiger, cat> 
dog and guineapig have to nurse their young ones with 
the breast milk. It is one of the warm-blooded animals 
i.e., its temperature is constant and docs not depend 
upon the variations of the medium as atmosphere or 
water in any way. Therefore the Guineapig is called 
hoinoiothermal animal. The animal has an exteimal 


Section of GuiiieapiK- 



1—Mouth. 9 —Trachea, S—Braui, 4—LunK, 5—QJsophagtw, 

6—Stomach, 7—Duodenum, K—Caecum, 9—Rectum. 10—AnuM. 

11—Forelimb, It —Hlndliinb. 

• 

covering of^ hairs which is sometimes coloured. The 
ventricle of the Heart is completely divided by a partition 
mto two distinct chambers. The Guineapig like all other 
mammals, perspires and gives out some waste products 
through the pores of its skin. 

Body—External Features : 

a 

The body is divisible into a head, neck and trunk. 
H has. no tad. The trunk is divided internally by a 
pa^rltition called the Into tboi^z annd abdomen. 
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The thorax is bounded by the ribs and contains the vital 
organs viz., the Heart and the Lungs. There are 
nostrils at the end of the snout. There arc two eye.s, 
each eye has two lids, upper and lower and a membrane 
called the Nictitating membrane. The mouth is placed 
below the nostrils and has upper and lower lips. The 
abdomen on the ventral side has teats or marfim® in ‘ 
the female. The anus opens posteriorly by an aperture 
and the genital organ.s open by a common opening with 
the urinary system in the male and by separate apertures 
in the female. 

The forelimb has four digits which are all provided 
with claws. The hindlimb has three digits which are also 
clawed. 

The skin consists of Epidermis on the outer side, 
dermis is below or beneath it followed by layers o^ 
muscles held together by connective tis.sne called fascia. 

Each car has three parts viz., the external ear 
provideel with a pinna, the middle car and the internal 
ear. 

Body-Cavity: ^ 

The body-cavity is a coelome and is divided into 
thorax and abdomen. The thorax is lined by a membrane 
called Pleura and the abdomen i.s lined by » similar 
‘mjembrane called Peritoneum. 

Alimentary System : 

The mouth leads into a cavity called thd Buccal 
'^vity. This cavity has a roof called the Palate which* 
'is divided into two portions called Hard palate m front 
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and soft palate behind. The hard palate is strengthened 
by palatine bones while the soft palate is entirely fleshy 
and therefore soft. The internal nares (opening of the 
nose) of the Guincapig open into the back of the 
mouth called the Pharynx. The tongue is an elongated 
muscular organ which covers the floor of the mouth 
with the tip free in front. The teeth are not all alike 
and are planted in sockets on the Jaw bones. The front 
teeth are large, chisel shaped and slightly curved They 
arc* us<.*d for cutting away delicate vegetables which the 
animnl eats as f<Mi<l and are known as Jyis ovs. Then 
then* is a free .space on each side on both the uprKT 
and lower jaws which is known as Diastema . The 
Canine teeth arc absent ill the Guincapig as it is not a 
flesh-eating animal. The gap above mentioned would 
have been occupied by the ('auincs had they been 
present. Then there is one pre^molar and three molars 
on each side of both upper .iiid lower jaws. The dental 
formula therefore is :— 


1? (' X M f 

giving ten teeth on either sid^or in all. 

Inside the huceal cavity four salivary trlands open on 
each side by ducts. The Infraorbital gland is placed 
• just below the eye. The Parotid g land lies in the cheek. 
The submaxillar y lies near the angle • of the mandible 
and .s ublingual is situated on the inner side of the 
ramus of*\he lower jaw. The back portion of‘the buccal 
,cavity is called the Pharynx. It has two divisions, one 
. Vbove, which is called the Nasal portion* where the' 
posterior nares opens and also contains the opeAings of 
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the two eustachian tubes. The other division i.s called 
the,Buccal portion which contains two apertures of which 
one is known as the Glottis and is yarded by a flap of 
cartilage called the epiglotti.s which loads into the respira¬ 
tory organs. The other aperture leads into the alimentary 
canal, and is behind the glottis. 

The first part of the alimentary canal is a narrow 
tube called the oesophagus. The ocsophagu.s goes 
dowh through the thorax and by a perforation through 
the Diaphragm enters the Abdominal cavity, where it 
opens into a dilated sac chilled the stomach. The 
stomach has two ends, the one at the junction of the 
cesophagus is known as the Cardiac end while the other 
from which the intestine beings is known as the Pyloric 
.end. The stomach has many glands on its inner wall 
which help digestion by their secretion. 

.The intestine is a much coiled tube and is divided 
into two portions -viz., the small intestine and the large 
.intestine. The small intestine begins from the stomach, 
hnd is again divided into two portions viz., the Duodenum 
and the Ileum. The Duodenum is a short U-shaped 
tube follpweil by the much coiled Ileum. The Ileum is 
followed by the Large Intestine. The Large Intestine 
again has three divisions- The first portion of the Large 
Intestine' is called the Caecum which is a thick dDated 

4 

tube and ends in a proc^ in man call^ the Vermiform 
Appendix but in the Guineapig there is no trace of 
Vermifono appendix found. The colon begins from one 
side ^ the Caecum azul is much coifed and ends in a tube 

9 I 

CaH<^ the llactQm w^ich opens into the exterior by an,' 
ap^UK’calfed the Anus. 
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Liver: 

This is the largest gland in the 1)ody of the Guineapig, 
and is five>Iobed. It lies below the diaphragm resting 
on the stomach. It has five deeply coloured lobes. The 
gull gladder lies as a pyriform sac on the posterior border 
of the Liver. The Liver sends out a secretion which is 
called the Bile. It helps digestion. It comes out through 
a duct called Hepatic duet which opens into the Duodenum 
after uniting with another similar duct from the Gall¬ 
bladder which is called the Cystic duct. The united duct 
is known as the Common Bile duct as both of them 
carries the bile to the intestine. 

Pancreas: 

The pancrea.s is a whitish gland lying in the concavity 
of the duodenum and extending up to the wall of the 
abdomen. It has a duct which also opens into the 
duodenum and the secretion of the pancreas helps diges¬ 
tion. 

• The coils of the intestine and the stomach are 
suspended from the vertebral Column and kept in p'osition 
by folds of peritoneum which are called the j^esentery. 

Circulatory Or gana : 

The Heart, the principal organ of circulatton, the 
central pumping station of blood in the, body, is situated 
in the Thorax lying between the pleural sacs enclosing 
the Lungs. The heart is covered by a membranous sac 
palled the Pericardium which contains a fluid called the 
(pericardial fluid. The heart of the Guineapig has four, 
' chambers called the left auricle and left ventricle on the 
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left side and the right auricle and right ventricle on the 
right side. The right and left sides of the heart having 
thhir cavities completely and fully separated from one 
another by partitions called Tnterauricular and Inter¬ 
ventricular Septa. 

Right ^uricle or Atrium : 

The right auricle rcceive.s the three large veins called 
the right and left precaval veins and the single postcaval 
vein. The right auricle communicates with the right 
ventricle by a wide opening called the Right Auricnlo- 
vontricular opening which is guarded by a valve called 
the Tricuspid composed of three membranoms lobes or 
cusps so arranged that they allow the blood to pass from 
the right auricle to the right ventricle only and not 
otherwise. And when the right ventricle contracts the 
flaps meet and close the aperture so that the blood can 
pass in one direction only. The Right ventricle is much 
thicker than the right auricle. The walls inside the 
cavity are raised up into muscutar ridges called the, 
ColumnsB Carnse. The Right Ventricle from its anterior 
angle gives out the Pulmonary artery the entrance to 
which is gux:rded by the three semilunar vabes. 

ft 

Left Auricle or Atrium : 

< 

The left auricle like the right one has an auricular 
appendix. It receives pure blood from the two pulmo¬ 
nary veins which open together from the Lungs. The 
left auricle'communicateS;.with the Left ventricle by the 
left Auriculoventricular opening which is guarded by the^ 
^l^ ywspid or’Mitral Valves consisting of two flaps or cusps. 
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The Left Ventricle is more thick-wallcd and stronger 
than the right one. It ha.s columnae cams also. At ,^he 
base of the left ventricle is the opening of the Aorta, the 
principal arery for the distribution of blood to the system. 
Its opening is guarded by three semilunar valves. There 
is no Sinus Venosus. 

The Arterial System : 

As the name signifies this system consists of arteries 
which are vesiicls meant to carry pure or oxygenated 
blowl from the Heart to the different parts of the body. 
These vessels have thicker and elastic walls than .the 
veins which carry impure or deoxygenated blood from the 
different parts of the body to the Heart. The main trunk 
of the arterial system of the Guineaplg arises from the 
base of the left Ventricle. It then forms an arch and is 
known as the 4rch of Aorta. The Aorta gives rise to a 
number of smaller arteries as branches. In the case of 
all mammals the Aorta bends only to the left side wliich 
i.s a peculiarity to be noted. 

I 

Branches: 

The first important branch is the Innominate artwy 
which arising from the arph divides into Right common 
carotid and the Right subclavian artery and a left common 
carotid; The Right common carotid divides into right 
external carotid supplying the right half of the head and 
face and Right Internal' Carotid supplying the right 
half of the Brain. The Right Subclavian passes into 
the right arm as Right Brachial. Before passing to the 
arm it gives off two branches, one to the ventral thoracip 
'wall which is known as the Internal Mammary arjtery and 



S76 


ARTERIAL SYSTEM 


the other enters the vertebral column as the Vertebral 
Artery, ’’ 

The Left Common Carotid arises from the innominate 
and supplies the left part of the head and face with two 
branches from it named the Left Internal Carotid and 
the Left External Carotid. The Left Subclavian artery 
arises independently from the Arch of Aorta and passes 
to the arm us Loft Brachial and givet off similar two 

ArterUl System. 


of Aorta, 

i—Loft common cttrotul. 
5-^Innutniuatc. 

4— Int. carol ftU, 

5 — Extoma] carot«i, 

0—Sub«cla> ion, 
T^Puotcav ah ein. 

Intercostal. 

9—Coelmc, 

1(X—Reaai, 

12 —Fostarior nte^n lorio» 


Left rarotid should oruc from innomiuate. 

branches viz^ Left Internal Mammary and Vertebral to 
supply similar areas like the right side. 

, ^ The Arch of Aorta then posses down the back of 
the’Heart and is placed ventral to the spinal columit' 




DORSAL AORTA 


377 


^and is known as the Dorsal Aorta. The Dorsal Aorta 
may be divided into Thoracic Aorta and Abdominal 
Aorta according as it passes through the thorax and 
abdomen respectively. The Thoracic Aorta gives off a 
number of branches called the Intercostal arteries which 
supply the wall of the thorax. 

The Abdominal Aorta gives of! the following im> 
portant branches viz .: — 

(1) Coeliac which supplies the Liver, stomach and 

.spleen. ^ 

(2) Anterior Mesenteric which supplies the* in¬ 
testines and. Pancreas. 

(3) Two Renal aileries to the two kidneys. 

(4) Two ovarian in the female or two Spermatic 
arteries in the male. The ovarian arteries 
supply the ovaries and the spermatic supplies 
the testis. 

(5) Posterior Mesenteric artery supplies the 

• Rectum. 

% 

(6) The Dorsal aorta ultimately divides into two 

Iliac arteries. Each Iliac artery divides into 

External Iliac and Internal Iliac arteries. The 

• 

External Iliac supplies the hind-limb Femoral 
artery. The Internal Iliac artery supplies 
branches to the Bladder and lower abdominal 
o^a-ns. 

The Pulmonary Artery arises from the Right 
^ ventricle and divides into Right wid Lett PuImor\^ry 
‘ arteries and each of them goes to the Lung of that side. 


25 



378 


VENOUS SYSTEM 


The Venous System: 

The veins are vessels which bring impure blood from 
the different parts of the body back to the Heart. The 
veins are thin-walled and contain no clastic fibres and run 
superficially on the body. There are three principal veins 
(the body of the Guineapig) two of them bring blood from 
the region of the head and are known ns the Anterior 
Venae Cavse. Each anterior Vena Cava or Prccnval vein 
is formed by a number of veins. They are: — 


Venous System. 


I—Precaval, 
^^SutvclaviAti, 
S^Intenial jugdar. 

4— Posterior facial, 

5 — Anterior facial, 
a —Intercostal, 

7— Aaygofi, 

8— Auricle, 

9— Auricle, 

10— Hepavjc, 

11— Left Renal, 

13—Femoral or Ext. 
2iac. vein, 

14>^Pulmonary vein. 



(ly External Jugular from the surface of the 
head. 

(9) Internal Ju^lar from Brain. 
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(3) Subclavian from shoulder and forelimb. 

The Right Anterior Vena Cava also receives a v5in* 
called Azygos from the wall of the chest. 

(4) Anterior Intercostal from the anterior 
thoracic wall. 

There is a single Posterior Vena Cava or Pos'i Caval 
vein which lies bj’ the side of the Dorsal Aorta. It is 
formed by the following veins : — 

(1) The two Internal IHacs from the back of the 
two thighs. 

(3) The two External Iliacs from the inside of the 
two thighs. 

(3) The two Ilio*lumbars from the abdominal 
walls. 

(4) The two genital veins from the reproductive 
organs. 

(5) The two Renal veins from the two kidneys. 

(G) The two Hepatic veins from the liver. 

* The Renal portal system is not found but there is 
a Hepatic portal system. Blood is brought to the Liver 
by a number of veins from the parts of lhe*Alimentary 
Canal and they join to form the Hepatic Portal vein. 

4 

The Pulmonary veins bring pure blood from the two 
.lungs to the Heart but before opening into the left auricle, 
the two veins combine. Although the name vein is given 
to the Pulmonary veins but actually they carry pure 
oxygenated blood from the Lungs to the Heart.. This is 
an exception. A simitar exception is also found in the 
'case of the Pulmonary artery which carries vienous bipod’ 
‘from thV Heart to be purified in tHe Lungs. 
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Blood : 

The blood of Gulne^pig like all mammals except that 

of Camels consists of a fluid portion called Plasma in 

which float white and red corpuscles. The white blood 

corpuscles are all nucleated and amoeboid in nature. The 

red blood cells are non^nuclented and biconcave disks. 
« 

They are not amoeboid in nature. 

Circulation : 

The Circulation in the Guineapig is divisible into 
greater circulation and lesser circulation. The greater 
circulation consists of blood running through the body 
and the lesser circulation through the lungs. The greater 

Ciiculation. 

I—Ventricle* 

«—^Artery. 

S^Art* 

4— Capillary, 

5— Cap of 
Lungs. 



circulation in the venous blood being brought from the 
three principal veins to the Right Auricle and then to 
the Rig^t ventricle. The pure blood from the Left 
Auricle passes to the left ventricle and is then distributed 
by the Aorta to all parts of the body. The Arteries are 
connected by intermediate structures which are very fine 

and net-Hke and are known as Capillaries. 

* 

The circulation in the Lungs consists in the carriage 
of the blood from the Right ventricle by the Pulmonary 
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artery to the Lungs. And from the Lungs the blood 
returns to the Left Auricle by the Pulmonary veins. • 

The Hepatic Portal System : 

The portal vein brings blood from the intestine which 
is rich in nutritive material absorbed from the alimentary^ 
tube and also impure venous blood from other hinder 
region of the body. This mixed blood enters the Liver 
and after receiving blood from the Hepatic veins is then 
poured into the greater circulation. 

The Respiratory System : 

The Respiratory apparatus of the Guincapig con.sists 
of three parts e.g.. Larynx, Trachea and the Lungs. At 
the back of the mouth there is an aperture called Glottis 
which is guarded by a flap of cartilage called the Epiglottis. 


Lunas’ of Guincapig. 



The Epiglottis prevents all foreign matter from entering 
the glottis and closes the aperture when food is passing 
to the alimentary tube. The glottis leads into {\ chamber 
called the Larynx. The Larynx is made of caftilage of 
■'which there is a large one in front called Thyroid, a ring 
like another called the cricoid and bthee two in the middle 



LUNGS 


called Arytenoids. Then there are two membranous cords 
in Jthe Larynx called the Vocal Cords. The Larynx is also 
’called organ of voice. The vocal cords produce sound by 
the vibration of the air which comes from the Lungs. 

The Larynx is continued into the Thorax ns a tube 
called the Trachea. The Trachea is made of cartilage 
rings which are incomplete dorsally. The Trachea divides 
into two smaller tubes called Bronchi which arc also made 
of cartilage. They eventually enter into the Lungs. 
Inside the lung each Bronchus ramifies into liner branches 
and are known as Bronchiole.s. 

Lungs : 

Two spongy sacs are found inside the Thorax called 
the Lungs. Each lung lies inside a sac called the Pleura. 
The lungs are very vascular and there arc rich capillaries 
joining the Pulmonary arteries with the Pulmonary veins. 
Here exchange of gases takes place. Each lung is divided 
into lobes (Three on the left side and four on the right 
side). 

Respiration consists of two processes viz., Inspiration* 
by which oxygen is taken in and Expiration by which 
carbon dioxide is driven out. During inspiration muscles 
of the ch^st as also the Diaphragm and some muscles of 
the abdomen and neck contract and as a result the lungs 

become ^distended with the distention of the thoracic 

✓ 

cavity as a. result,of which a negative pressure is'exerted 
so that air is sucked in. The air enters through the 
nostrils, passes down the Larynx and Trachea and enters 
the Lung^. Duiug expiration the muscles of the chest 
and Dii^rpgm relax and the Lungs recoil from thei- 
dafticity of their walls.- They contract and drive out the' 
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gases from the lungs. The two processes are always 
going on alternately and form what is known as Respi¬ 
ration. • . 

Endocrine Organs : 

There are some oigans in the Guineapig which have no 
definite passages but their secretion is necessary for the 
duo discharge of its bodily functions. The^t are tha 
following : — 

(1) Thyroid lying in front of the trachea near the 

cricoid cartilage. 

(2) Thymus is generally present in the young 
animal near the base of the Aorta. 

(3) Spleen occurs on the dorsal side of the stomach 
on the left side. 

(4) Suprarenal gland two in number, each lying on 
the top of the kidney. 

(6) Pituitary Body is found on the ventral aspect 
of the Brain. 

These glands send their secretion to the blood stream 
directly and help the various functions of thd body as 
growth, maturation of the generative organs etc. 

The Excretory System: 

The excretory system of Guineapig consists of two 
dark red kidneys, one on each side of vefte&ral column 
and lying within the abdominal cavity. Each kidney is 
a bean-shaped body and is covered over by the’perito¬ 
neum. Each kidney has a passage called the ureter whi^ 
begins at the hilus and the two ureters from the two 
kidneys open at the lower part of a sac-ltke organ «called 
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the urinary Bladder. The urine comes from the kidney 
through the ureter and collects in the Bladder. The 
Bladder has got a passage called the urethra through 
which the urine is voided from time to time as the 
bladder gets filled up. 

The kidney is surrounded by a sheath and on section 
the inner portion is seen divided into (a) an outer portion 
called the Cortex and (6) an inner portion called the 
Medulla. 

The cortex consists of tubules. Each tubule has a 
capsule called the Malpighian capsule at the distal end 
and is convoluted till it ends in the collecting tubule. 
The tubules open on the surface of a conical process 
called the Pyramid which projects into the Pelvis which 
is the innermost sac of the kidney. The ureter begins 
from the Pelvis. In the male the urethra is continued 
into a long organ called the Penis. In the female the 
urethra opens by a separate aperture. 

The Reproductive System: 

Male — 

^ The generative organs of the male animal are the 
testes which lie within the abdominal cavity, but 
^come down to the scrotal sac in the breeding season. 
Each Testis gives off a number of male cells called 
Sperms. Each sperm has a laige head and a long- tail 
which gives H the power of movement. The cavity of 
the scrotal sac communicates with the abdominal cavity 
by a passage called the. Inguinal Canal. The testis is 
covered by a closely adhering duct called the. epididymis 
and from this runs the Vas Deferens, the duct of Testis. 
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The Vas Deferens carries with it nerves and blood vessels 
as it enters the abdominal cavity and makes a loop round 
the ureter of the corresponding side between the spermatic 
sac which is also called the uterus masculinus and the 
neck of the bladder. It is then continued as the urethra 
or Urogenital canal. The uterus masculinus in which the 
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sperms are stored, opens at the neck of the Bladder on 
the dorsal side. The Prostate gland is embedded in the 
wall of the uterus masculinus and has small ducts which 
open into the urethra. There is a pair of smaller-glands 
called Cowper’s glands which also open into the urogenital 
canal. * 

The urethra runs as a median passage through the 
Penis and is covered by a soft vascular portion called 
the Corpus spongiosum on the ventral side and Corpora 
Cavernosa on the dorsal side. . 

Female — 

The generative organs of the female are -the two 
ovaries one on each side lying on the dorsal wall of 
Itbdomen, and behind the kidneys. The female cells 
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called the ova are formed from the germinal epithelium 
o{ the ovary. Some of these beeome large and become 
the ova while the others remain small and serve for 
nutrition of the larger cells. When the animal is adult 
and the ovary is mature, the ova come out by the 
bursting of the ovarian wall and arc shed into the 
abdominal cavity. The ova then make their way to the 
mouth of the oviduct. There are two ducts to the two 
ovaries called the oviducts. Each oviduct has a funnel- 
shaped fimbriatcu mouth at its anterior part near the 
ovary and a slighly coiled tube called the Fallopian tube. 
The next portion of the oviduct is called the uterus. 
The two uteri join and form a common passage called the 
Vagina. The ultimate part becomes common with the 
neck of the bladder and forms the Vestibule. It opens 
to the exterior by the Valva. 

I 

The fertilised ovum is lodged in the uterus. It 
receives nutrition from the mother through a tissue called 
the Placenta. The uteri become dilated when six or 
seven young ones arc carried by the animal. It takes 
about 30 days for the full development of the indivi<lunl 
young animals. The Guineapig becomes adult in about 
three mon(;hs after which it becomes possible for the 
^dult to .reproduce young animals. 

Nervous System : 

Brain — 

The Brain of Guineapig consists of two very large 
cerebral, hemispheres or Cerebrum occupying about two- 
. third of the whole brain matter. They cover the Thala- 
niencephalon and the .optic lobes. The two henysphereD 
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are joined by a band of nerve fibres called the Corpus 
Callosum. Each cerebral hemi.sphere has three portions 
called the Frontal lobe, the Parietal lobe and the Temporal 
lobe. There are two very large clubshaped olfactory 
bulbs at the anterior extremeties of the cerebral hemi¬ 
spheres. The cavities within the cerebral hemispheres 
are called the Lateral Ventricles. The lateral wentriclofi^ 
arc connected with the third ventricle by the Foramen 
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of Monro« The tbalamencephalon is overlapped by the 
.cerebral hemispheres. The Pineal body arises from the 
rdof of the thalamenoephalon while the floor is prctduced 
downwards into a process called the Infundibulum 
which the Pituitary body is attached. On Che ventral** 
side the c^tic nerves cross each other and form the optjc 
Chiasma. * * 
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In the mid-brain the dorsal part shows that each 
optk lobe is divided into two portions by a transverse 
furrow so that two pairs of lobes called the Corpora 
Quadrigemina are produced. 

In the hind-brain the cerebellum appears very large 
and consists of a central lobe or Vermis and two lateral 
lobes which are divided by numerous fissures, into a large 
number of convolutions. Each lateral lobe has a pro¬ 
minence called the flocculus. On section the Cerebellum 
shows a tree-like pattern. 

The Medulla oblongata lies below the Cerebellum 
and its cavity is known as the Fourth Ventricle. 

Cranial Nerves: 

There are twelve pairs of cranial nerves in the 
Guincapig. Two additional pairs arc seen namely the 
spinal Accessory and the Hypoglossal which are absent 
in the Toad. The nerves are as follows:— 

. The Olfactory nerve supplies the nose. 

The optic nerve cro.sses its fellow and forms 
the optic chiasma and then .supplies the eye. 

.3. The Oculomotor nerve supplies the muscles of 
the eyeball. 

4. ,The Pathetic nerve supplies the superior oblique 
muscle of the eyeball. 

5. The Trigeminal is a comparatively big nerve. 
It has a ganglion called the Gasserian ganglion 
and divides into three branches 

(a) Ophthalmic—which supplies the eyeball 
and some part of the head. 
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(b) Maxillary—which supplies part of the 
face. 

* 

(c) Mandibular—which supplies the muscle's 
of the jaw. 

6. The Abducens supplies the external Rectus 
muscle of the eye. 

The Facial nerve supplies the face anc^ supplies * 
a gustatory nerve to the tongue. 

8. The Auditory ner\'e supplies the internal ear. 

9. The Glossopharyngeal nerve supplies the 
pharynx, longue and ncek. 

19. The Vagus or Pncumogaslric nerve is the mos"^" 
important as it supplies most <»f the vital organs 
as Larynx, Trachea, Heart, Lung.s and stomach. 

11. The Spinal Accessory nerve arises from the side 
of the Medulla by a number of roots and 
emerges from the skull along with the 9th , 
and 10th nerves through the posterior lacerated 
foramen and supplies certain muscles of the 
neck. 

% 

12. The Hypoglossal nerx’e arises by^several roots 
from the ventral aspect of the Medulla in the 
middle line and comes out of the skull through 
the condylar foramen to supply the muscles of 
the tongue. 

I 

Spinal Cord : 

% 

The spinal cord passes through the vertebral column^,. 

and gives out a number of Spinal Nerves. Each , nerve 

arises by tw6 roots, viz., one anterior ahd the other 

♦ • 
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posterior which join together before the nerve proceeds 
forwards. There are several plexuses in the spinal nerves 
viz., cervical and brachial plexuses with the cervical nerves 
and lumbosacral plexus with the lumbar and sacral nerves. 
The most important among the spinal nerves is the 
Phrenic from the fourth cervical nerve which runs back¬ 
wards ami supplies the Diaphragm. 

Sympathetic System : 

The sympathetic system consists of two cords with 
two ganglia on each side in the neck, twelve pairs of 
ganglia in the thorax and twelve pairs in the abdomen. 
Prom the hinder thoracic ganglion there starts a splanchnic 
nerve which runs backwards in the abdomen and ends 

4 

with its fclloM' forming Coeliac ganglia round the anterior 
mesenteric artery. This ganglion having a number of 
nerves uniting and branching from it constitute the 
Solar Plexus. A smaller plexus lies around the Posterior 
Mesenteric artery. 

Sense Organs: 

. . The organs of sense in the Guineapig consists of the 
eyes, eais, tongue, nose and touch. 

I 

Eyes: > 

There are two eyes the structure of which generally 
resembles* that of the Toad except that the Guineapig 
has the additional Lachrymal or Tear glands. These are- 
situated above the outer comer of each eye as well as 
’the Hardenan glands which are similarly situated. The 
secretion -of these glands trickles over the conjunctiva 
and then passes into the nose by the nasal duct at the 
Jnnef angle of each, eye.' 
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Ears : 

The Ear of the Guineapig is its organ of hearing, fit 
has three parts caj., the Externixl ear. the Middle car and 
the Intenial ear. 

The External ear has the Pinna which is meant for 
catching the vibrations of sound and is extended by a . 
canal up to the drum or tympanic membrane. 

Internal to the membrane and extending up to the 
bony labyrinth is another cavity called the Middle ear 
or Tympanic cavity. Thi.s cavity communicates with the 
Pharynx by a tube called the Eustachian tube. Three 
pieces of small bone.s arc found in the middle car called * 
the Malleus, Incus and Stapes which are connected to 
each other and extend from the drum to the Fenestra 
ovalis of the bony labyrinth. They conduct the vibrations 
of .sound from the external ear to the internal ear. 

The Internal Ear consists of the bony Labyrinth 
with two openings called Fenestra Ovalis and Fenestra 
llotunda both of which are covered by membranes. The 
bony labyrinth contains within it a membranouf? laby¬ 
rinth. The bony labyrinth is filled with fluid* called 
Perilymph which lies outside the membranous labyrinth 
but there is fluid also inside the membranous labyrinth 
which is called the Endolymph. The membranq;us laby- 
■ rinth consists of the utricle with three semicircular canals 
and a saccule which is connected with the bony Cochlea. 
The Cochlea has spiral turns like a conch. This cochlea 
has the Endings of those fibres of the Auditewy nerve 
.which subserve the sense of hearing. 
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Organ of Taste : 

The tongue, although a muscular structure, serves as 
■ the organ of taste. There are special cells called Taste* 
buds found on the surface of the tongue and also a few 
on the palate nhich arc the endings of special nerve and 
perform the function of taste of the animal. 

‘ The Nose: 

The epithelium of the nostnls is endowed with special 
nerve endings of the Olfactory nerve which ser^e as the 
organ of smell. 

The Sense of Touch : 

This sense is develo|)ed on the skin due to the 
presence of Touch Corpuscles which are >»peciahxed struc¬ 
tures containing ramified special Nerve Endings The 
^ense of touch is specially developed on the pad of the 
foot and on the skin of the lips in the Guineapig 

Skeleton: 

The skeleton of the Guineapig consists of Ixnies dis¬ 
tributed through out the body and are meant for the 
support of the soft structures. 

There is a bony case for the Brain which is called the 
skull or cnAiium formed of a number of bones. There is 
an apertufe in the skull situated below and po.»teriorly. 
At the dorsal part of the animal is a column of small 
pieces ot bone are called the Vertebrae. There ^fc two 
girdles round the-body of which one gives attachment to 
tbe 'forelimb and is known as the Pectoral girdle. The 
other girdle- which gives attachment to the hind-limb is 
called th'e Pelvic girdle. Both the forelimb and the hind- 
limb are formed of a number of bones 
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Skull or Cranium : 

The skull at the posterior part consists of four hpnes 
which in the adult become completely fused with one 
another. The lowermost of these is the Basioccipital 
bone bounding the foramen magnum and forming the 
posterior or hinder part of the base of the skull. It has 
on the lower part two occipital condyles one on each side'. • 
The two ex-occipitals are found on the two sides of the 
foramen magnum. Each ex-occipital has a downwardly 
directed proccs.s called the Paroccipital process closely 
adhering to the swelling in front called the Tympanic 
Bulla. Thu Supra-occipital bone is placed above. the 
foramen magnum. The middle segment of the skulk 
consists of a bone at the floor of the skull called the 
Basisphenoid which is vi.sible on the ventral side. On the 
two sides are the two Alisphenoids and on the dorsal side 
are the two Parietals. The Alisphenoid is produced 
ventrally into a Pterygoid process. 

Skull-Doraal view. 

l—Prem Axilla, 

I NaarI. 

S^Frontal, 

4— Zygoma ticarcH, 

5— Jugal* 
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0—Supraocc j pital, 

. ,10—Squamo^ 

Dorsally between the two Parietals is a small bone 
called the Inter-parietaL On the front are the« two 
frontals and the two nasals. 

The' Pterotic bone lies in front of the ex-occipital. 

• It has a swelling below called the Tyi^anic Bulla. 
*.Above and in front bf it is' the narrfxw squamosal. The, 
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squaino^I articulates with the FVontal and Parietal and 
in front forms an arch called the Zygomatic arch. 

On the ventral side is the Basi^henoid with Pres¬ 
phenoid in front. Anterior to the I^eaphenoid are the 
Vomers. Then come the Palatines. In front of, the 
Pa^tines are the MaxiUa and the Prc-maxilla. 

Teeth: 

The Guineapig has a number of teeth bOme both 
on the upper and the lower jaw bones. They are ten 
in number• altogether arranged thus:— 

Op jtfae upper jaw the two incisors arc borne on 
each side of the bone. There being no canine there is 
a gap for Its absence called the Diastema. Then the 
.Maxilla bear^ one Premolar and three Molars on each 
side. The lower jaw or Mandible consists of two pieces 
ralipd the Rami which ate united in front by the 
symphysis. The upper or Alveolar border bears the 
teeth; posteriorly the process is called the Coronotd 
process. Behind it is the Condyle which fits into the 
Glenoid fpssa. Below the condyle is the Angle. The 
dental fomvla of the Guineapig therefore is': — 

Pm + Mi 

The Vertehrhl Colpmn: 

The v^tel»hil cnhimn is formed of a number of 
vertebree which aitt 1iai^M‘a<!cording to the region trt the 
body^as CorviceA'l&ontek^ lombtu*, flacrai.‘and'Caudal, 
Each’Vertebra W at ^d ^dUed the CeitfuA,'' fiiiiA 
vertebra id ac^rat^'kam !the bfher'by an hib6rvertebml 
cio^lage ext<^ where the 'vertom ibaVe fbeed togetbier', 
A ^pieal vertebta bab the MlbwhMl^rtrimtiife <•<->•' 
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There is ft' -loaBe caJ^.the centram. Twe archee 
rise from the Ci^trom and are oaDed the Neural arohes, 
There is a prooeS8'%bo^ the tirrtebra at tft« dorsal side 
which is called Nenntl spine. And the eavtiy ,pf the 
vertebra if called the Neural canal. Two processes 
project from the sides of the centrum-and are called the 
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Transverse processes. The vertebra, has a flat prpeass one 
on each side from the anterior part of the neiiral arch 
and are called the Prezygapophyfif, They project 
upwards. On the posterior part from nelird atch 
there are tWo ^inifar downwardly prbj^thig sCi^ces 
the Post'iygApoph^ia. Tlie arid STbsl- 

tygapophysis keep the vertebral column in position, 'U., 
the post-zygapophysis of one vertebra a^Uti^s with 
the Pre-zygt^physis of the nest vertebra, ft 

Cervical y^ebrae : . 

These are seven in numb^, thei^'a^ohs^ processes 
• are, stdrt. ^Th^firfet ycrtebi«vfe-^fed tte Atlas..; 
i», Oh the' tl^' vertebra 

there ^ore eonoave ;prti(h¥bt| ^rfhctivfor artkulaljioii 

Mf^th the \ W^yle8 .ot . tjie i.iihiiH. Tfiei rewoid. dervical 

voi^re; aa,,^-;Aw. The centrum 

.yertebra is produced aatenoKy into a process ceHed 


rv ' 
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Odontoid process which goes inside the neural canal and 

articulates with the first cervical vertebra. The other 

» , 

cervical vertebr® have the typical structure. 

Thoracic Vertebrae: 

These are twelve or thirteen in number. These 
, vertebrse are characterised by bearing ribs from, their 
sides. The neural spines are tall and transverse processes 
are short. Each of the first nine vertabrs is provided 
with a pit on the under surface for the articulation with 
the tubercle of a rib. The hinder vertebrs become gradu¬ 
ally like those of the lumber region. 

• 

- Lumbar Vertebrae : 

Thse are six or seven in number and are characterised 

by their larger size and bigger processes. They have no 

* 

ribs. 

Sacral Vertebrae; 

These are three in number and arc alt fused together 
to form the sacrum which gives support to the pelvic 
girdle. 

i* 

Caudal Vertebrae: 

These ire seven in number. They become smaller 
downwards and the last portion degenerates into a rod. 

Ribs an^ Sternum: 

There are 12 or 13 pairs of ribs. The ribs are 
curvj^d bony rods articulated with the vertebrse at the 
r back and the first nine pairs are connected >vith the 
■breast , bone'called the Sternum. 

- « Hie p(Mtion of the rib connected with the stemumir 
is Called the sternal portion of the rib. The end which' 
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is connected with the vertebra is called the head or 
capilulum and there is a second articulation with *thc; 
transverse process called the tuberculum. The first seven 
ribs are directly connected with the sternum while the 
8th and 9th ribs are connected with the rib in front of 
them. 

The breast bone is called the sternum. It has an 
upper portion called the manubrium. Next to it, i ' or 
8 small pieces and finally the xiphoid process bearing the 
Xiphoid cartilage. 

Pectoral Girdle: 

The shoulder girHle practically consists of one bone 
called the Scapula. This is a flat triangular bone with 
the apex <lownwards. It bears a prominent external ridge 
called the spine which at its lower end becomes free as 


glenoid cavity 
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Peclor«l and pdvic girdles: 
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an acromion with a long backward metacromion. At the 
ape^, is the cavity for the humerus called the glenoid 
cavity. There is a small process in front of the cavity 
called the coracoid process. 

The clavicle or collar bone is a long, slender, curved 
-bone between the acromion and the sternum. 

Pelvic Girdle: 

The hip girdle consists of two halves, each of which 
is known as Os innominatum. It forms a ring with the 
sacrum called the pelvis. Each Os innominatum consists 
of a dorsal ilium articulated with the sacrum, a posterior 
'Ischium and an anterior pubis. 'Ehe two pubic bones 
combine to form the pubic symphysis. The ischium and 
the pubis are separated by a foramen on each side in 
front called the obturator foramen. There are two 
cavities on the two sides called acetabulum for the arti¬ 
culation of the hindlimb. 

4 • 

Forellmb: 

a 

Tlie first bone which is articulated with the glenoid, 
cavity is the humerus. It has a large head and separated 
by grooves are two processes, the first one is the greater 
tuberosity and the inner one is the lesser tuberosity. At 
the, lower fend is a pully-like trochlea, above which are 
two supratrochlear fossse, the coronoid fossa in front and 
\the olecranon fossa behind. Next, the two fore-arm bones • 
are the radius and the ulna. The radius lies in front of 
, the ulna. These two bones articulate with the trochlear 
surface. Thc^ ulna' has a notch called the sigmoid notch 
and a process called the olecranon process. Then follows 
Ihfe. wrist with seven carpal bones arranged In two rows.,’. 
The proximal row consists of three bones called the 
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scaphoid on the inner side, the semilunar and the cun^- 
form on the outer side. 


}{uineru« 


lladius^ui 
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PeU'ic girdle. 
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The distal row consists of unciform, crfVpale and rtic 


pisiform bones. There is another bone betweeh the 

. % 
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rows. Then follow the four metacarpal bones bearing the 
fourMigits, with three phalanges in each. Bach digit is 
clawed. 

Hindlimbs ; 

The acetabulum gives attachment to the longest 

Hindlimb. 



wiim 




elatu^al* 
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bone of the body, the hip-bone or the Femur. It has a 
large head, below which are the three prominences,•the 
greater trochanter on the outside, the lesser trochanter 
on the inner side and the third trochanter below the great 
trochanter. At the lower end of the femxir are the two 
large condyles for the tibia. A knee-cap or patella covers 
the knee-joint and is connected by ligament with the tibiaV 
The tibia and the fibula are the next two bones which are 
fused at the lower part. The fibula is a feeble bone by 
the side of the tibia. The tibia is a stout bone and bears 
the cnemial crest in front. The ankle like the wrist has 
got 6 bones arranged in two rows. The first row forms 
the heel and consists of two bones called the calcaneuniH 
on the outer side meeting the fibula and the astragalus 
on the inner side meeting the tibia. There is a central 
bone called the navicular. The distal row consists of 
three bones. There are three metatarsals bearing the 
three digits which are clawed. Each digit has three 
phalanges. 



CALCUTTA UNIVERSITY QUESTIONS, 1935 

BIOLOGY 
First Papbb 

!• Ofscrtbe a typical yegeiabls cell. 

Describe the structure of a Pea see<l and tlie mode of its 
germination. 

3. Draw a diagram of a typical leaf and label its parts. ^Vhat 
are the normal functions of the leaf. 

4. IVhat do you understand by pboto-Bynlheiua ? Describe some 
* experiment by which you demonstrate it. 

3. What do you understand by sJternation of generations in tlie 
life-history of a plant? IHuetrate your answer by reference 
to the Moss plant or to the Fern plant. 

6 . ' Describe briefly the life-history of Mucor. 

7. Some Yeast cells are put into a solution of sugar and kept in 
a warm place. Describe the changes that may take place 
in (a) the Yeaat, and (b) the Solution. 

BIOLOGY 

# 

• Sgcono PAPen 

1. Describe the main differences between plants and animals, 
fl. Give^an account of the life-history of Monocystis. 

5. D^w a diagram of the reproducti^’e system of Leech and 
label the vicious parts. 

4 . Draw the external features of Bbetki, and label the various 
fms aad apertures. 

fl. DeicriBe the arterial system of Toad. 

* 

6. Deno'jte the pelvk^girdle of Guineepig. ^ 

'7. SUte briefly Derwin’a contributbn towarda the idea of Organic,, 
evolution. 



CALCUTTA UNIVERSITY QUESTIONS, 1936 

BIOLOGY 

PmiiT Paphi 

1. What is protoptasro ^ Give a shorl occouiii o( the phybiral 
and chemical nature of it. 

2. Give a short account of the different monies ot celP divisknu ** • 

t 

3. Draw a diagram of a lypicat flower and label itb ]mrU. 

4. Draw Iran averse sections of monocoiyleflonous and dicotytcrian- 
ous stenv and label the parts. 

5. Give an acount of the lifo^'liislory of Spirogyra. 

6. How does a plant respire ? How w*ould you demonstrate it 

7. Write short notes on—(a) conjugation. (6) uo^pore, (c> 
llmllus, (rf) cotyledon. 

BIOLOGY 
Second Paper 

1. Give an accormt of the omin differences I>clwecn the li\m^ • 
8n<l the nondivio^ matter. 

2. Describe tlie variotis struc^tures of an i4mpe6a. 

3. Draw and describe the ner>ous system of the fresh^wifter prawn. 

f 

4. Draw and describe the alimentary bystexn of ^hetki. 

5. Draw a diagram of a dissected heut of a toad, and label tlie\ 
positions of the various apertures aud val\es. 

3. Compare the bones of a fore-limb with that of lund-limb 
of a gumea*pig. 

I 

7. Give a few morphological examples by which you can show tlie 
evidences of organic evolution. 

For Theoretical questioiia oa Btedogy for 4937. 1098—See Practical 
• Biology by T. C. Nandi. 
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Intermediate Examinations, 1939 

BIOLOGY First Paper Full marka 75 


1. Describe the structure *of a typical plant cell, and 

mention its differences from an animal cell. 

i. Tabulate the differences between respiration and carbon 

assimilation in planta. 

S. tb^ ftmctiozu of rooU? 

4. Draw and describe a typical flower. 

5. Whskt is aiternatioo of generation ? Illustrate it from the 

life*liistory of a moss. 

\ 

9. Describe briefly the life^history of Spirogyra. 

7s Write short notes on any four of the followiirg:-*- 

(a) epigeal, (b) aggregate fruit, (e) saprophyte, (d) xylern, 
(a) venation, (/} hermaphrodite flower. 


Intermediate Examinations, 1939 

BIOLOGY SfXX)KD Pafis Full marks 75 

< 

\32^*^bat do you know of the theory of organic evolution ? 

i.. Describe the structure of an amoeba. 

ft 

3. Draw and label the various parts of the genital system of a 
leech. 

4, Describe the alimeutary system of Bhetki. 

5. DoKuibe the ^urse of dcculatkm through the heart of a 
toad. 

6, CompaiS? the external features of a toad with that of a 
guineapjg. 

^*7^ I>raw a diagram of the pdvic girdle of a guineapig and 
label the parts*. 



Examinations^ 1940 


BIOLOGY Fib5T Papeb Full markd 75 

1. Give a brief accoimi of the special charaoterisiicH of li\in« 
objeolSi and compare them with those of non-living 9 bject« 15 


«. Describe the structure of a pea seed and the mode of its 
germination. ^ 15 

S. What are the characierUtica of a root? How is it distiut^ui^hed 
from a shoot ? 15 

4. What U the utility of a leaf to a ]^ant ? eW*hat are# 

stomata ? * 15 

5. Compare a pea plant with a maize plant. 15 

O. Describe briefly tha life^history of mucor and show how' it 
differs from that of a moss. ^ 15 

7. Write shoK notes on any five of the following^ 15 

(a) hypogeal germination, (h) phloem, (e) ch]oroph>ibr-9 
(d) poilination, <a} stipules, (/} compound leaf, (y) parasite,' 
(A) adventitiouA root. 


Intermediate Examinations, 1940 

BIOLOGY Secowd Papcu Fuli mark& 75 


9 

Describe the essential structures of an animal cell. 

VJt^Describe the method of movement (locomotion) i 
hydra an<i leech. 


8. Describe the \aAcular system of (lie freshwater prawn 
(Palaemon). e 

4. Write a brief account of the life-hietory of toad. 

5. Draw and describe the red Uood corpuscles of Bhekti. toad 

and guineapig. * 


6. Describe the formation of the thi^ germinal layers in 
Gallus (fowl). 


7. Write short notes on any five of the«foUowii^ 

(o) contMfbtile vaeuole, (6) alternatbn of * generation* 
(c> Botryoidal tissue, (d) 8Utocj®t, tt) notoc|jord 
(/) retina, (g) urost>4e, (h) Kliastema, 



im. 

BlOLodf^ 

). pifBCnbe briefly the ^ chemica] 

FlEolo^Min. 

C. Describe tlie different pbaaet bdirect ceU>d^/wwn 
8. Describe and cMapare tM^ stra^ues of an albuxninoiu 
'witli that 6f an ex-albutt^os 

4 What are the principal funcUoiu of the '^ooi P 18 



d ^ What are the fm^ctioo# of the leaf f Dulingaisb between 
^^a /ample and a nampowftd leaf ft ^ J5' 

the dffferent parU of a flower of pea. oud .menti^ 

fCit/f tui^^piu. i 

ll^ Djimbe the pfethallbi' of a Fern. What ubase' dMa ft 
Q|^pi|iftHt bs> the IHe-hlatory the |dant P * 15 



1941. 

^IQL^Y S8C<m Fa?s Foil mariu 75 

ly Tabttlata the differences between the uivertebrala and the 
vertebeata. 15 * 

Give W msentfaf nocidiibtogiad charactns and ltfe*lusiory of 
mpttocifHie. , 15 

8, Deserib^ tSe atRWlurea of the body wall of'Apdra. 15 

^^^^hoapan ^ modes of anuebs.|hydjra and Jlaecl^. 15 

Jg^fdDeombp the art^ol or bwtchia|^ey^m^ Bhetki. 4S 

tihe ecumal f eat ur es of toad and label ^ varioaa 
■ stfuctucM itahafing tbe i^Matazae. ^ Iff 


Tv Uabe a of the iliiaentvy qrstem of a Ouinealtbt.'«t>d: 

Isbri tlM itfit. 



INDEX 


Abdomen, 368. 

AcacU, 144. 

Accessory, 1S5. 

Acquired ciiaracter, 70. 
Acbene, 18S. 

Acropetal, 

Actinomorphic, 167. 

Adbeaion, 

Adve^tioia. 

AS^t. SIL 
Aw^chyme, *07. 

^Atois, 68. 

A<9ivatioi^ 17*. 

E»!Alae, 160. 

Alimentary, 670. 

Albuminous, 06. 

Agipt^gaie. 184. 

AlRue, *33. 

Alternaffen of * generation, *43. 
Amphibia, 3*3. 

Amnion, 68, ^ 

Amoeba, *33. ? 

Anaerobic, S^/% 

Gymnoeperm, 9mF 
Anudiait, 870/ 

Aj^iu. , $7|. .. 

AmWilNi^MST. ; 

Aow. SS4. 

Aj»CA!ny. 44fl. 

Aorta, *340. 

AwM^my, tie. 


Appeodaffcs, tSt. 
AirbeROnium, t4t. 
ArcAet, S40. 
Artery, tOl. 

AxU. 1«4. 

; Atlas, 305. 

: Axygospore, t85. 

' Axis, 300. 

I Axon, .tS. 
i Backbone, t51. 

; Bacteria, t25. 
i Bar. gill, Sie. 

I Rerbutcs, t65. 

. i BAiiyaii. 115. 

I Bile duct. 331. 

I Bicollatcra), tlS. 
Biolog}', VII. 
Bladder, 350. 
i Blastoderm, 64. 

I BlastuJa, 66. 

I Blood, te. 

! Botany, 86. 

{ Botryoidal, t78. 
i Body cavity, g71. 

■ Body cdl, 

: Bone, 25. 

: Bract. 165., 

I Brain, 317, 

, i' Bioncbi, 382.. 
Bryopbyta, ’2*6. 
Bud, 137.* 

BdbU, 136. 

Bundle, 218. 
CaecuD), 372, 
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Calcium Carbonate. 193. 
Calcium Qxalate. 901. 
<^l:?iiln>g4n, 407. 

Calyx, 168. 

Cambium, 915. 

Canal, 969. 

Cane^Su^, 199. 

^Capitul uix^ 159. 

Capsule of Sporogonium. 998. 
Corbohydratee. 41. 

Carotid* 340. 

Carbon assimilation. 40. 
Carpus, 895. 

Carpel, 169. 

Cartilage, 95. 

"Cell, 11. 

Cell-divUIon, 19. 

Cellulose, 4. 

Centrosome* 11. 

Cerebellum, 988. 

Cerebrum, 986. 

Chemo taxis, 48, 

Chiasma, 857. 

Chlorophyll, 40 
Chick, 64. 

Chloropltst, 907. 

Chromathi, 19. 

Cilia, 297, 

Circulation, 680. 

Cloaca, 334. 

. Claw, 400. 

Cladode, 190. 

CUvtde, 864. 

Closed bundle. 919. 

( Cleavage, 64,^ 

^ Columella,. 991. 

CnidoUast, 965. 

Cnidoca, 965. 

• 

^ ^ Compojiod leaf* 159. • 


INDEX 

Conjoint, 918. 

Coelen tcrata, 961. 

: Coelome, 971. 

Commissure, 800. 
Conjugation, 981. 

Conus, 398. 

Coenocyie, 980. 

Corpora quadrigemina, 988 
Cotyledon, 99. 

Columnae carnae, 975. 
CoUoid, 10. 

I Coracoid, 364. 

Cross-feriil isation, 944. 
Cortex, 918. 

Cross-poll in at ion. 178. 
Cuticle, 915. 

Culm, ISO 
Cutin, 194. 

Cymose, 157. 

Cystolith, 195. 

Cytoplasm, 180. 
Dact>lopodite, 9K6. 
Darwin. 80. 

Dermatogen. 906. 
Development of bird, 64. 
Diaphragm, 879. 
Didynamous, 173. 
Diastema, 971. 
Dicotyledon, 04. 
Differeuces, 4. 

Digestion, SI, 

Digits, 966. 

D ifdoblast ica> 961. 

Duct, 878. 

Ductless glands, 983. 
Duodenum, 979. 

Ear, 959. 

Ectoplasm, II, 

Ectoderm, 964. 
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Embryo, 64. 

Efferent, Sll* 
Endodermis, di6. 
EpKlermis, 215. 
Epigloitid, 381. 
EncyAtment, 257. 
Epithelium, 20. 
Evolution, 70. 

Endocrine, 335. 
Endoplaem, 11. 
Exalbuininoua. 04. 

Eye, 35H. 

Eustachian, 360. 
Excretion, 36. 

Ectmentation, 229. 
Fallopian, 380. 

Fat body. 330. 

Fern, 240. 

Femur, 307. 

Fertilisation, 242. 

Fins. 306. 

Filament. 2.33. 

Fish, 304. 

F'iasion, 256. 

Foot, 245. 

Flower, 161. 

Foramen magnum, 361. 
Food-material 30. 
Forelimb, 305. 

Free cell formation, 19. 
Frog (Ref. Toad), 324. 
, Fungi, 225. 

Gametangia, 231. 
Gametes. 234. 
Gametop^te, 236. 
Gamopetalous, 169. 
Gametogenesis, 17. 
Gamo^paloufl, 168. 
Gangliair 299. 


Gonidangium, 230. 

Gastric mill, 289. 

Gei, 10. 

Genital organs. Sol. 

Guard cell, 211. 

Germinal, 17. 

Gill cover, 315. 

Gills. 316. 

Girdle, pectoral and pelvic, *365. 
Gland* 334. 

Glomerulus, 350. 

Glottis. 848. 

Growth. 134. 

Guiueapig, 307. 

Gullet. 333. 

Gut, 333. 

Gymnospenn, 226. 

Gynoecium, 174. 

Ilaemoeoele, 271. 

Maentoglobin, 314. 

Hairs, 308. 

Harderian, 390. 

Helicoid, 138. 

Heart, 310. 

Hermaphrodite, 26B. 

Hirudo, 269. 

H»tolog>% 187. 

Holophytic, 4. ^ 

Holoeoic, 4. 

Homologous, 156. 

Hormone, 53. 

Humour, S59. 

Humerus, 365. 

Ilypodennis, 218. 

Hyok), 363. • 

Hydrotropism, 40. 

Reum, 334. » 

Hium, 867. 

Indusium; 241. 
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Inflorescem*e. 157. 

InciM^ 991^ 

InheritAnee, 70. 

Interstiti^, Md. 

Inter Dode» 194. 

Intestine. S34. 

In vertebrate, 951. 

«Itivolucre. < 157. 

Irritability, 9. 
laobilateral, 999. 

Jaw, lower and upper. 869. 
Karyokinesis. IS. 
Kataboliem. 9. 


Kidney. S50. 

^ labyrinth, 391. 
.lAmarck, 78. 
Lamina. 141. 


Large intestine. 379. 
Lark'd, ^ 303. 


Larynx, 381. 

Lateral branching. 138. 
Lateral line, 805. 
Laiiciferous, 900. 

Leaf, 140. 

Leaflet, 151. 

Leech, 9^0. 

Legs, 988. 

.Life-cycle, 938/ 


Life-history,^ 351. 
I4mhs, 395. 
lanhi, 19. * 
Lungs, 340. 
Male, ^ 350. 
Mdle^, SOI. 
idMe, tSSu 



[O^oUa eUongais. 
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Meaentery, 897. 
Mesoderm, 970. 
MesophyU, 991. 
Mesogiea, 961. 
Metabolism. 9. 
Metamorphosis. 359. 
Metaeoa. 940. 

Mimosa. 149. 

Mitosis, 1,3. 
MonochJamyfleous. 166 
Monocotyiedoiu 10R. 
blovement. 47. 

Mucor. 930. 

Muscle. 898. 

Musci. 935. 
j Mutation. 85. 
Mycelium, 931. 

Nares. 396. 

Natural selection. 83. 
Nematocyst, 96.5. 
Nepbridat. 975. 

Nen-e. 917. 

Ner\'c cord, 300. 
Ner\*ouB system, 990. 
Neuron. 98. 

I Node, 193. 

I Notochord, 951. 

Nucleus, 11. 

I Nucleolus. 19. 
Nutrition, 30. 
Obturator, 308. 
Occipital, 861, 
Oesophagus. 83$. 
Olfactory, 355. 
Oosphera, 938. 

Oospore, 938. 
t Organ, 90. 

Ovary, 951. 

. Oviduct, ^51. 
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Ch'Ulc. 176. 

Ovum, 176. 

Palate/ 371. 

Palisade, ^1. 

Pancreas, 973. 

Parasite, ^25. 
Parencliyma* i2i21. 
Parthenogenesui. t2S3. 
Pea. ^46. 

Pectoral pr<lle. 364. 
Pedicel. 139. 

Peduncle. 139. 

PeuiH. 3S5. 

Perianth. 160. 
Pericardium. 396. 
Petiole. IW. 
Phanerogam, 

Pharynx. 333. 
Phellogen, 9^3. 

Phloem, SON. 

Photosy n tl kes is. 40. 
Pineal. 334. 

Pisces, 904. 

% Plastid. 139. 

Plant cells, 189. 
Plumule, 03. 

Pollen, 177. 

PoUi nation. 179. 

Polype talous, 169. 
Polysepalous, 168. 
Portal system^ 318. 
Postaygapophyses, 9^, 
Prefoliatbn, 
Praygapaoiiyaea, 328. 
^Primitive groove. 67. 
J^x)0fcnchymfttous, 197. 
^Protein, 8. * 

ProtfaaUtts, 24ft. 
Pr^onetiflir 238. 


I Protoplasm, 7. 
i Protosoa. 259. 

,j Proloxylem. 212. 

; Paeuflopodifi, 234. 

Pter idopi ly ta. 240. 

Pubis, 367. 

Raceme. 159. 

Racemose. 1.17. 

Rectum, 372. 

Rachis. 159. 

Reduction division, 17. 

Regei lera t ion. 304. 

Reproduction. 56. 

Respimtion, 94. 

Ribs. 896. 

Root. 111. 

Rostrum. 2R0. 

‘ Sacculus. 860. 

Saprophyte. 280. 

Scorpioid, 188. 

Secondary cavity or Coelome. 271. 
Secretion. 38. 

Semilunar. $88. 

Se^se organ, 358. 

Shoot. 123. 

Shio-aurirulBr, 337» 

Skdetoii, 361. ^ 

Spermatogenesis. 17. 
Spermatoaoid. 242. 

Spine, S63. 

Spir^ra, 238. 

Splefo. 388. 

Sporangium. 2S1. 

Spproaoa. 257. 

Spore. 241*, 

Sporosojte. 260. 

Sporoflonium, 2S8 
SUrcb. W. 

SUtocyit,^ 233. 
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St€ni» 18& 

.SiitifQli 
Stomacht S7S. 

Stomiumi MI. 

StniQ^ for eiigteace, 80. 
Siyhb, 174. 

^83011 pathetic, S58. 
'Xwtpolc, ‘S6». 
lyil. S54. 

Taproot, 114. 

Teeth, 894. 

Telson, 280. 

Tendril, 144. 

TeiftMe* Ml. 

'Terguzn, 280. 

Teetee. 951. 

Tbala roencei^alon, S54. 
Thellpphyta, 224. 

Thorax, 36^ 

Tissue, 206. 

Toddy, '>»8. 

. Tonda, 232. 

Trachea^ 882. ^ . 

TViploUastica,' 270. 

860. 

UniGellu}i.r, 228. 

t7ra|(0v 880. , 

Vfkxmv' bladder, SS4. 

388. 

Ur«$y.le. 884. 

Vacaole, *19. 

f ♦ 

S 


Vagina, 886. 

Vascular bundle, 213. 
..Vas deteras, 884. 
Vasa effereniia, 351. 
Vein, 202. 

Vena Cava, 344. 
Venous blood, 347. 
Venous system, S42. 
Ventricle, 836. 
Vernation, 168. 
Vertel^ie. 808. 
Veriebrata, 251. 
Verticil laster, 161. 
Vextllum, 160. 

Viscera. 882. 

Vitreous, 850. 

Vocal sacs, SSI. 
White of egg, 65. 
Windpipe, 881. 
Wolffian duct, 851. 
Wood, 212. 
Xiphisteraum, 864. 
Xiphoid, 807. 

Xylem, 208. 

Yeast, 228. 

Yolk, 65. 

2«oology, 248. 
Zygapophyses, 864. 
Zygomatic, 808* 
Zygote, 58. 

Zygospore, 282* 
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